7 dwnjo A -[YIIN uo ydeidouoy

MONOGRAPH ON NICKEL VOL II
COPIES OF ARTICLES CITED IN

E2|

MONOGRAPH SUMMARY




/|

0

I’ - r
;i 4

¢
i

lVOI.UME 2

GRAS MONOGRAPH SERIES
NICKEL

- (COPIES OF ARTICLES CITED IN-

MONOGRAPH SUMMARY)

prepared for

THE FOOD AND DRUG ADMINlSTRATION

DEPARTMENT OF HEALTH, EDUCATION
AND WELFARE

JULY 31,1974

This publication was‘prepared, under Contract Number FDA 72-100
with the Public Health Service, Food and Drug Administration,
Department of Health, Education, and Welfare

prepared by |
Tracor Jitcn, Inc.



e AL A T AT S *

.
ey BT P B pees i g e A g A 4y - Bt
i g H g * thely B h N RN TP

;
¢
. H. !
: 3. A oL \LOH-1206 (\a34) ti |
1204 NICKEL CARBONYL POISONING—BRANDES ,Jﬂ:ix,'&iﬁiig?i P
NICKEL CARBONYL POISONING nickel are deposited on the respiratory epithelium and % :
are ahsorbed by the blood stream, causing degencrative |
REPORT OF A CASE . # changes in the vessel walls. The nickel is gradually ¢
, . . remaved from the lungs and some of it, at lcast, 1s
WA BRf\k I?LS’ ALD. excreted by the kidney, since it has been found in‘the §
DALLAS, TEXAS A {
urine. 1
Intoxication with nickel carbonyl has been of rare The outstanding clinical features were a transient
occurrence. A number of cases that occurred in  malaise with rapid recovery when brought into fresh )
England. where the Mond process for obtaining pure air. At times nausca and vomiting occurred early.
mickel was Arst used, were reported some years ago.t  After from twelve to thirty-six hours cyauosis and ¢
Richter * reported a case of poisoning with metallic  dyspnea developed and progressively increased in
nickel, with recovery. Gron? reviewed the subject of
nickel rash and reported a case. Stewart * recently has
reported a case of dermatitis due to nickel and cobalt. L
i Armit © some years ago studied the toxicity of nickel -
carbonyl and other nickel compounds on experimental
animals and found that the nickel was the toxic element
7 and not the carhon monoxide formed.  The amount of
% carbon monoxide liberated on dissociation from a
: minimal lethal dose of nickel carbonyl was sufficient to
give only a 5 per cent hemnglobin satu ration, which is
well below the lethal level for carbon monoxide.
Nickel carbomvl is prepared by passing a current of
carbon memoxide over fincly divided metallic nickel.
A gascous compound is formed with the composition
of Ni(C0)),. The gas can be condensed into a mobile
liquid, which boils at 43 C. and volatilizes at room :
temperature. *

Characteristic changes found in-the cases reported
were hemorrhages, especially in the white matter of
the brain and in the lungs, fatty degeneration of the
walls of blood vessels, and edema of the Tungs. In
experimental animals hemorrhages were always found
in the lungs, in the suprarcnal glands in more than
50 per cent of cases and frequently in the brain. At
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Fig. 1.—Area of lung demonstrating the degenerative and desquamative
changes in the alvecli.  Also mild infltration with neuwtrophils and
mononuclear cells, Hemaloxylin and eosin stam.

times they were present in all organs. In the presence
of moisture and at hody temperature the inhaled nickel
carhonyl is dissociated, and finely divided particles of

¥From, the Department of Pathology, Buylor University College of
Medicine.

1. Mott, F, W.: Carhon Manexide and Nickel Carbonyl Pnisoning,
Parh. Lab. Londan County  Asyluns, ClaylLury, FEssex 33246, 1907,
Nickel Carbony! Poisoning, correspondent report, Lancet 13269 {Jaw),
1542 (June) 1903, -

2. Richter, George: A Case of Poisoning by Metallic Nickel, J. A,
M. A, 4931006 (Nov. 9) 1907,

3. Grou, K.:  Nicketplater’s Rash, Urol. & Cutan. Rev, 33: 606
(Sept.) 1229,

4. Stewart, S, G.r Ianherent Sensitivity of the Skin to Nickel and

‘)

Cohzlt (Allicd Flements in Griup VUL Perigdic System), Arch. lnt.
Med. 51427 (Marchy 1933,

5. Armit, W The Tosicology vf Nickel Carbonyl, J. Hyw 73
525, 1907; B 363, 1908,

Tig. 2.—Same arca of Jung as in figure 1 under high power. Disinte-
gration, fusion and proliferation of alveolar cpithelinm are scen mote
clearly. Hematoxylin and eosin stain.

severity. A productive cough with hlood-stained
sputum  was frequently observed.  Death occurred
between the fourth and eleventh days.

REPORT OF CASE

C. B, a white man, aged 49, complained of dyspnca, orthop-
nea, nausea, vomiting, fnsomnia, pain in the right side of the
thorax, headache and a metallic taste in the mouth. A chemist
by profession, he had been working on a problem of develaping
a method of “cracking gasoline,” in whicl process nickel car-
bonyl was used. The present trouble developed five days pre-
vious 1o admission to the hospital, At that time he had poured
nickel carbonyl from one container to another and immediately
thereafter experienced some dyspnea, from which he recovered
after a brief interval. About twenty-four hours later, dyspuea
recurred. He becamne orthinpneic and cyanotic, so that at tinies
he would “turn black.” By the fourth day he became nauseated ;
vomiting oceurred, which became increasingly severe, so that
very little food could be retained. Several of his associates had
mild attacks of dyspnea but quickly and completely recovered.

The physical examination revealed marked cyanosis and
great respiratory difficulty. The pupils reacted normally, The
tongue had a grayish coating. A firma nodular movable mass
4 by 5 em. was palpated on the right side of the neck below
the car. Expansion of the right side of the thorax was limited,
and moist rides could be heard in the middle and lower lobes
anteriorly and posteriorly.  Tactile and vocal fremitus were
increased in these areas. The heart was within normal limits,
the pulse was regular and the rate was 100. The liver cdge
could he felt 4 cm. below the costal border, It was slightly
tender.  The extremities were normal, except that the reflexes
were hyperactive

Laboratory reports  revealed that™ the blood count was
5,100,000 red cells, hemoulobin ( Tallgvist) 100 per cent, and
the white cell count 15800, with 92 per cent polymorpho-
wclears, of which 21 per cent were band forms. The plasma
carbonn dioxide combining power wias 60.5 volumes per cent.
Sputum was blood streaked and tenacious in character. The
urine contained a few hyaline casts and a trace of albumin.

6. Patient of Dr. Lee Hudson,
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The patient had great respiratory difficulty, was very restless,
became comatose and died ou the seventh day after exposure
to the nickel carbonyl.

At necropsy there was slight icterus of the sclerae and a
faint grecnish yellow tinge to the skin of the face, neck and
anterior  thorax. The lips and oral mucosa were deeply
cyanotic.  Delow the right car was a nodular mass 3 by 5§ cm,
that was freely movable. In the skin of the back were numer-
ous dull reddish arcas from 1 to $ mm. in diameter. The
pleural cavities contained about 15 cc. of clear fluid; their
linings were everywhere smooth and glistening,  Numerous
dark red areas measuring from less than 1 to 5 mm. in
diameter could be seen through the pleurae of both lungs.
The left lung was voluminous and heavy, a reddish gray, and
mottled with numerous darker red areas scattered throughout,
The main bronchus and larger branches contained a frothy
reddish fAluid, and the lining was Dbluish redd. Large amounts
of blood-stained fluid escaped from the sectioned surfaces of
the lungs. The greater portion of he left lung was non-
crepitant.  The right lobe similarly was heavy and dark
reddish gray. The cut surfaces were very wel.  The greater
portion of this ung was also noncrepitant.  The pericardial
cavity contained ahout 15 cc. of clear fluid, and the lining was
emooth and glistening. The right heart chambers were dis-
tended with partially cleited dark venous blond. The endo-
thelial surfaces were smiooth throughout. The apex of the
left ventricle was slightly sacculated. Several small plaques
of yellowish thickening were present in the bases of the aortic
and mitral valve cusps. The myocardium was grayish red
with small yellowish red and dark red widely scattered areas
i it. The heart weighed 480 Gm. The proximal 2 cm. of
the right coronary artery showed a diffuse vellow thickening
of the intima with shight narrowing of the lumen. The first
portion of the aorta had smalt arcas of yellowish thickening
of the intima, which increased to a moderate degree along the
course of the vesscl.

The liver weighed 2,100 Gm.; its capsule was smooth and
the edges were slightly rounded. On sectioned surface the
lobutar markings were accentuated. The peripheral portions
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Fig. 3.—Demyelinated areas in the hase of the hrain.
voseel in the ecnter. Weil’s myelin sheath stain.

of the lobules were ycllowish gray. The kidneys together
vweighed 380 Gm. The surfaces, after stripping of the capsules,
were finely granufar. The cortex was of average width. The
pyramids were dark red. The spleen was slate blue and its
capsule was  smoothy Sectioned  surface revealed scattered
throughout irregular dark red arcas. Other viscera showed
general passive hyperemia and stall widely scattered arcas of
hemorrhage.

No changes were scen in the dura.
clear. The meningeal veins were prominent.  The dural sinuses
contained dark venous hleod and had smooth linings.  The
cerebral ventricles were not noticeably dilated, They contained
a few cubic centimeters of faintly Blood-tinged Auid.  On 1l
tiple transverse sections numerous dark red arcas were present,

The spinal fluid was
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most nomerous in the white matter, especially of the corpus
callosum. They varied in size fram those barely visible 10 a
centimeter in greatest dimension.  The majority were dark
red; a few woere brownish red. Some were elongated in out-
fine. “These small arcas could be seen in the pons and the
Dasal nuclei, and several small indefinite darker grayish arcas
were present in the medulla,

.
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Fig. 4.—Higher magnification to show degenerative changes in ganglion

cells and neuronuphagin.  Cresyl violet stain.

Histologic examination revealed that the changes in the lungs
and brain were most marked and most important in this case.
Sections taken from the noncrepitant areas in the Tungs (fig. 1)
revealed a marked edema, hyperenia, multiple hemorchages
and marked changes in the cells lining the alveoli. A slight to
moderate infiltration with pelymorphonuclear cells was seet.
The alveoli were distorted and mauny to most of the lining cells
had become desquamated,  Many were markedly swollen and
had granular cytoplasm, and others showed fragmentation,
Some of the alveoli contained large cytoplasmic masses with
multiple nuclei and nuclear fragments (fig. 2). These masses
seemed to be fused degencrated lining cells.  Some of the
alveolar epithelial cells stained deeply, and miotic figures were
fairly frequent in some areas. A number of small blooad
vessels contained fibrin thrombi in their hunens, and their walls
were jndistinet.  There was a large amount of granular vacuu-
lated precipitated atbuminons material in the interstitial tissues
and in the alveoli. The epithelium of the bronchi and bron-
chioles also showed degenerative changes. They were swallen
and some desquamation had accurred.  Many of the mucosal
glands were distended with sceretion,

Histologic examination of the brain revealed multiple small
hemorrhages scattered throughout but most mumnerous in the
white substance. The majority were small and in perivascular
arcas. Aside from the hemorrhages, multiple small arcas of
degeneration were scattered throughout, which showed demy-
clinization with a myelin sheath stain (fig. 3). These at times
were about capillaries and arterivles. In some of these aveas,
moderate numbers of polymoerphonuclear and large mono-
nuclear cclls could be seen. The hemorrhages varicd some-
what in that in some the red binad cells were intact, whereas
in others they were partly disintegrated.  Tn a fair munber of
capillaries and arterioles, hyaline and fibrin thrombi were seei,
The walls of some of the arterioles were indistinet and more
ar less homogeneous and hyaline-like in structure. Ohrdinary
fat stain did not shew an increase in fat.  With cresyl violet
ctain, degenerative changes were well demonstrated i many
ganglion cells.  Some of these were greatly swollen, In others
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the Nisst eranules had disappeared, especially in the peri-
nuclear areas, and the nucleus in some was eccentric i posi-
tion. Neuronnphagia of some of these cells could be seen
(ng. 4). . -

Thrombi were also found in the myocardial vessels (fig. ).
Other viscera, such as the liver, kiduey and spleen, showed
passive hyperemia and rather marked  parenchymatous and
fatty degencration (liver) but no distinctive changes.  The

mass in the neck proved to be a mixed tumor of the parotid |

gland type. )

Specimens of tissue from the brain and lung were examined
for nickel, dimethylglyoxime being used for the development
of a color reaction? This test is of sullicient sensitivity to
demonstrate the presence of 0.001 mg. of nickel. The extract
from 3 Guu of lung pave a strong test, bright red. Three
grams of brain tissue gave a mucl weaker but a very definite
pink red. The same method was used in testing 4 Gm. of
tissue from the brain in a case of meningitis which gave no
color change, the solution remaining colorless by contrast.
Plood examined post mortem failed to give a test for carbon
monoxide.

SUMMARY

The clinical and pathologic features of this case

correspond closely with those of the cases previously |

reported.  The histologic changes in the lung are quite
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Fig. §.--Throwbus in a vein in the myocardinm, Ilemaloxylin and
eosin statt,

unusual and correspond more ncarly with descriptions
of ohservations in the lungs damaged by irritating
substances such as phosgene,  The changes in the
capillaries and arterioles explain the presence of mul-
tiple small hemorrhages; also the degencrative changes
and areas of anemic necrosis in the brain. . That these
changes are due to.the nickel is indicated by the pres-
ence of this metal in relatively large amounts in the
tissues analyzed.  The lesions were not the result of
carbon monoxide present, since at that early stage,
seven days, sufficient carbon monoxide should have
been present to give a positive test if it were the sub-
stance that had caused the widespread lesions. Further-
more, carhon monoxide does not cause the type of
lesion in the lung present in this case.  Armit * demon-
strated that the nickel appeared to be transported in
the Dlond in a condition of colloidal solution.  The
metal is gracually absorbed from the Tung in animals
poisoned with nickel carbonyl, to such a degree that
recovery is possible.  The symptoms of extreme dysp-
nea, natsea and vomiting, restlessness and hyperactivity
of reflexes may in part at least have been due to the
cerebral lesions.

7. Armit, 11 \\'.‘- and Harden, A.: Quantitative Estimation of Small

Quantities of Nickel tn Organic Substances, Proe. Ray, Soe Fondon 772
426, 1900,

OSTLEITIS TUBERCULOSA
CYSTICA OF FInt
AND TIBIA

SAMUEL "SANES, M
AXND

WARREN 8. SMITH],
BUFFALD

Following its introduction by Jine’
term “osteitis tubercalosa multiplex o
to cystlike degencration of the hes
involvement, characterized by the
mild pain and swelling of the affectes
roentgenographic  observations  and
course. Not in{requently associated
and Boeck's sarcoid. Histologically,
epithelioid and giant cell tubercles,
caseation. Tubercle bacilli were ra
in examined tissue; guinea-pig inocul
gave positive results for tuberculosis,

Tn the past year Van Alstyne and €
the literature on osteitis tuberculosa
stated that in all the reported cases s
restricted to the small- bones of th
Theirs was the first authentic casc
lesions in the long bones. They prese
aged 32, who exhibited destructive c!
wlna, the left radius, and both lumer
etiology was proved by histologic a
ntethods, and by guinea-pig inoculat
its rarity, verified histopathology anc
port, we record an additional case of o

. multiplex eystica of the long bones.

REPORT OF CASLE
E. S., a white American woman, marriec
m the service of Dr. W. \W. Plummer, Sept.
of pain and swelling of both lower leg:
duration. At the age of 30 the patient bad
father and danghter had died of pulmonar
brother was suffering from the same disca
During July, 1932, the patient had noted
in both lower Iegs. Tn a short time the s3
leg subsided appreciably. The pain in the
persisted as a dull ache, which was intensifi
was walking or when the leg was bumip
history of trauma or loss of weight. Ti
The inguinal lymph nodes were not enfarg
and tenderness were {found over the lower
fibula. The right ankle showed no pain or i
The left leg was not remarkable. The 1
between 98 and 99 F.; the pulse was 8 :
rate was 20. Laboratory examination she
90 per cent; leukocytes, 9,700 per cubic
normal. The Kahn test was negative, Roe
(Dr. E. C. Koenig) of the lower legs and §
right fibula, about one-half inch above the to
decreased density of the bome tissue with a
excavation, which was cystlike in appeara
thickening of the periosteum on the outer si
excavation. Otherwise, the bone tissue of 1
fibula was well within average limits, T!
foot and ankle did not show any evidence of
parable fo that in the right fibula.  Examir
indicated increased density of lung markie, -
right interscapular region, with small calear
At aperation (Dr. T. N. Dotts), Septenit.
of destruction was found in the lower cud

From the Pathologicad Taboratory aud Ouvthoped:
General Flospital, and University of Duffndn Sehi!
o ‘}) Jingling, Otto: Fortschr. a, . Geb. 3. Kot
1920,
2. Van Alstyne, G. 8., and Gowen, G H.: J.
15: 193 (Jan.). 1933,
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Biliary Excretion of Nickel

by M. F. Caujolle

E% (Presented at the Meeting of December 15, 1936)

After the intravenous injection of nickel chloride in dogs, the nickel

consistently passed into the bile but the level of biliary elimination of

this metal was minimal at least in the first hours following administration.

After having established the modalities of biliary elimination of

cobalt (8), it seemed interesting to us to research to what degree nickel

may follow the same route of excretion. The cobservations published up to

now on the biliary elimination of nickel are not very numerous. In 1858

Kletzinsky (14) pointed out for the first time the possibility that nickel

was eliminated by the bile. In 1860, Wichert (18), having made a dog with

a biliary fistula ingest a gram of nickel sulfate dissolved in some milk,

s

found nickel in bile secreted for 12 hours following the ingestion. Lehmann
(15) published in 1909, the results of numerous experiments done on cats and
dogs; after administration per os of variable quantities of nickel chloride,
sulfate or acetate (up to 12 mg metallic Ni per kg), nickel was generally
revealed in the bile and scometimes the concentration of nickel was found

to be even higher in the bile than in the blood. On the other hand,
Mascherpa in 1927, reported never having found nickel in the bile of guinea
pigs having received per os up to 500 mg of metallic nickel (1¢). We,
ourselves, in 1929 after the intravenous injection of 50 mg of nickel
chloride to a 21.3 kg chloraiosed dog were able to reveal nickel in the

bile secreted during the second hour following injection (6). We have not
been able to find othef data on the significance of the biliary elimination
of nickel. The aim of this present work was to determine the immediate
value of the hepatobiliary emunctory in regard to nickel in the dog with an
extemporaneous choledochal fistula, under anesthesia of chloralose alone or

chloralose with morphine or "pantopon' with Roche's sommifacient.




1123

Techniques Utilized

Physiological Technique-To create the choledochal fistulas, the physiologic

technique followed is identical to that already described in our work on
the biliary elimination of cobalt (8); all the samples of bile ccllected
were strictly lacking in blood. '

The injections of nickel chloride dissolved in warm phyeiologic

serum were always done by the intravenous route in the central tip of the

saphena. The injected solutions of NiCl2 were generally very diluted.

Chemical Technicue--Ye were very closely inspired by the works of G. Bertrand

and his student on the nickel element in arable land (3), plants (2) and
animals (1); having adopted the method created and tested by these authors

£

to which we referred (4), we will limit ourselves to indicating the detail
of the method of operation followed to isolate, characterize,

and measure nickel in samples of bile collected by the fistulas.

s

The bile was collected in rubber bags attached by a ligature to the

end of the canula, each sample was poured into porcelain capsules, the
bags were rinsed three times with 3 to 4 cm3 of distilled water, the

. rinsing water was mixed with the bile and the contents of the capsules

were evaporated in an incubator at 105f110°. The dry extract was burned
A ' in muffle furnace without surpassing dark red, this calcination was
sometimes quite long. The ashes were methodically drained into hydrochloric
: acid; the solution obtained contained besides nickel, all the elements
soluble in a hydrochloric milieu and in particular, iron, which is normally
present in appreciable quantities in bile (13).
This hydrochloric solution was evaporated to dryness in a water-bath,

the residue is redissolved in a few cm3 of boiling distilled water and the

aqueous solution thus obtained after cooiing was treated with double its
volume of officinal ammonia: it was filtered, the precipitate was washed

and filtered three times with ammonia. The filtrant and washing liquid
-+

were combined which contained nickel in the form of the complex Ki (NH3)6
in a 500 cm3 Erlenmeyer; a fow cm3 of lime water was added and it was

brought progressively to boiling: large quantitites of ammonia were releése@;
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boiling was maintained up until the point of total elimination of the
ammonia by adding as needed more lime water so that at the end of the
operation the presénce of a small quantity of free lime assured a milieu
that was strictly alkaline to phthalein, During this lime water treatment,
a whitish precipitate was formed, more or less abundant, which included
all the nickel contained in the initial hydrochloric solution (4); it was
separated by filtration.

The precipltate was dissolved in (q.s.) officinal 107 hydrochloric
acid! after dissolution, ammonium acetate was added so as to change the
milieu to acetic acidity, then a prolonged stream of pure hydrogen sulfide
(filtered by a cotton tampon); the nickel was precipitated to the form
of nickel sulfide; this nickel sulfide was not pure--it was mixed with
other metallic sulfides such as CuS and COS, but in quantities virtually
negligeable for the purpose of our work.

The nickel sulfide collected on a filter without charcdal was washed

" with 5% solution of acetic acid saturated with hydrogen sulfide; the

precipitate and the filter, dried in an incubator at 105° were caleined in

a capsule for about 20 minutes in a muffle furnace, the residue composed of
nickel oxide was dissolved in a few cm of officinal half-strength hydrochloric
acid; the hydrochloric liquid and the rinsing waters of the capsule were
combined in a beaker (7). ;

It was brought to boiling and a large amount of an alcoholic sclution
of 2% dimethyl glyoxime added, then it was removed from the heat and
ammonia added until a slightly alkaline reaction was obtained. The bright
red crystalline precipitate of the dimethylglyoximate complex of nickel-
dimethylglyoxime was collected in a tared Cooch crucible; it was washed
with warm water, dried at 100° and weighed.

If the amount of the precipitate is insufficient to allow a weight
determination, the measurement can be dorne by redissolving the»well—dried
diméthylgloxime complex in boiling chlorcform; then this chloroform
solution is slowly made to dissolve in a capsule of as little depth as
possible; the red residue thus obtained is'compared to the controls prepared
under the same conditions from nickel chloride solutions of known concentration

(containing 10—1 and 102 milligrams of nickel).

L
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The weighing method enables determination of one-half milligram;
colorimetric approximation gives the possibility of evaluating quantities

on the order of a hundredth of a milligram,

Experimental Results

The toxicity of nickel chleride for dogs is quite poorly known, the
lethal dose per kilogram of arnimal after administration by the intraverous
route not being fixed (1): Gmelin (11) indicated that the intravenous
injection of 600 mg of nickel chleoride was immediafely fatal for a dog and
a dose of 300 wmg was very toxic and quite rapidly caused death. In tﬁe
absence of precise evidence, we used amounts of nickel chloride essentially
similar to those of cobalt chloride used in the study of fhe biliary
elimination of that metal.‘Actually, from the first three aﬁtempts, it
appeared to.us that the nickel chloride could Be éonsidéred slightly more
toxie than the cobalt chloride, - at least for dogs and under the conditions
of administration adopted: we were then led to diminish the injected doses,
to divide them up and to give the injections only with extreme slowness (7).

Dog 1~~ofﬂi8 kg. Anesthesia at 8:30 with 5 cm3 of solution of 27 '

morphine chlorhydrate subcutaneously, followed at 8:55 by 1.80 g chloralose

dissolved in 100 cm3 of warm pbysiolegic serum intravenocusly. Two injectioné

of niclkel chloride solution of 128.8 mg metallic Wi at 10:33-10:35 and
257.6 mg metallic Ni at 12-12:04. The subject received 20.29 mg of metallic
¥i per kilogram: he died at 12:05. From 10:30 to 12:04, he secreted 2 cm3
of bile, containing no nickel. The gall bladder samplad at autopsy contained
no nickel. =7

Dog 2--0, 25 kg. Anesthesia at 9:30 with 2.05 ¢ chloralose dissolved
in physiologic serum and administered in two consecutive injections. Two

injections of NiCl2 solution: 160.95 mg of Ni-metal at 10:18 to 10:20,

~and 261 mg of Ni-metal at 12:13-12:12. Death occurred shortly after the

second injection, the subject having received less than 17 mg Ki-metal per
kilogram. From the first injection, the abundant biliary secration was
slowed down; from 10:20 until the time of death, less than 1 cm3 of bile
was collected, containing minute traces of nickel: the bladder and the
gall bladder taken at autopsy contained 1.00 mg nickel or 2.27 mg Hi-metal

per 100 g of organ.

X



Dog 3——2, 15 kg. Anesthesia at 8:55 with 1.50 g of chloralose
dissolved in 80 cm3 of physiologic serum received at 14:40 a second
injection of 1 g chloralose dissolved ih_ZO cm3 of ﬁhysiologic serum, The
subject secreted little bile: he died at 16 h. after having received in
6 injections, 29.9 mg Nifmetallkg; the results are shovn in Table I.

. Table I
\ o B
Horsire des fojectinags _\‘;g.‘,m;z.n .!3 o Tine 3
eLoades pretmeients i \ [ e 1
i [
! ;
. ] i ! i
U W I I 43,5 ! i —
b b -— 100 b 43,5 . j C - :
. 1 :
it ll. 53 - 1 h ~— 0'[) | fraces !Q’y-’:‘“”;_\,‘g,
b1 — 12 ho 17 72,5 -~ _ - C
! | ?
P2 he 25— g2 o9y 58,0 _— i - ;
i ; ; :
L S U I R & N —_— ; :
i ! : . .
Pt s — aahons 0 BgL0 - - %
H : H i
i . ! i L
i 1! h. - 'lh k. N i T D‘.r; ! [IHIH ‘p ’

1--Schedule of injections and samplings
2--N¥i injected in mg 3
3~~Volume of bile collected in em
4--Corresponding quantities of Ni in mg
5--8light traces

6—-None

Dog 4»—0:237 kg. Apnesthesia at 9 h. with 2 cm3 of 27 morphine chlorhydrate
solution subcutaneously, followed at 9:23 by 1.80 g chloralose dissolved in
100 cm3 of warm physiclogic solution intraVenously. After having received
7.45 mg of Ni—metal/kg, the animal was electracﬁted at 18:255 the results
are shown in Table II. Biliary secretion stopped at 16:30.

The five samples of bile collected contained less than 0.20 nmg of
metallie nickel,

bog 5--o, 9 kg. Anesthesia at 8:20 with 5 cm3 of 27 morphine chlorhydrate

-solution subcutaneously, followed at §:30 by 0.90 g of chloralose dissolved

in 80 cm3 of warm physioglec serum intravenously. TFrom 9:47 to 10:02, a




= =n

solution of nickel chloride contairing 87.37 mg nickel-metal or 9.7 mg/kg

was injected. The subject died at 18 h. having only secreted 4.2 cm3

of bile; this bile contained only slighﬁ traces of nickel.

Table I
‘ ’ 5 L. - % Vol
Homire Jdea bgecetions v Nidnpets 2 ade e
©et ded prolevements i en g, 1 recuediina
; ben ens
\ ’ f '
¢ ! i
b 3 — e bty 0 43,5 0 -
. ]
(T TP (O B & N IO : — ' 1
! j
b - 12 b i - i 2
12 . ko2t 43y
2 h — dah i . i 5
! H
14 i — v h. 2 438
hose — ] b e
. oho : - i lf : HEETEN

s e Do v teds contiennent s de s o e o ? et

1--Schedule of injections and samplings

2=--¥1 injected in mg 3

3-~Volume of bile collected in cm

4--Corresponding quantities of Ni in mg

5--8light traces

6--The five samples of bile together contained less than
0.20 mg of Ni-metal

Dog 6——of”i5 kg. Anesthesia at 9 h, with 1.50 g of chloralose
dissolved in 60 cmsbof warm physiologic serum intravenously, followed at
14 h, by a second injection of 0.50 g dissolved in 30 cm3 of warm ‘
physiologic serum, From 10:02 to 10:45, we injected into the saphena
a solution of nickel chloride containing 150 mg of metallic Ni or
10 mg/kg. The subject was electrocuted at 17:50. In the bile collected
from 10:02-11, there was no nickel; from 11 h., nickel appeared in the
bile in very small quantities; from 11:30 to 17:50, all the samples of
bile collected also cortained nickel but also in small quantities. The
total elimination was on the order of 0.15 mg for a total biliary volume

of about 20 cm3.
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Dog 7--0, 23 kg. Anesthesia was given by 3 intravenous injections
of chloralose dissolved in warm physioclogic serum: 2.30 g at 9:02,--
0.20 g at 9:10,~-1.50 g at 12:45., The biliary section slowed down up to
17:30,
The fourth injection of NiCl2 was done as an exception in a mesenteric

vein exposed by laparatomy; the purpose was to find whether the hepatic

permeability would be greater when the nickel left the hepatic lobe by

the small channels of the portal system:; the experiment belng very shocking

for the animal already traumatized by the creation of the choledochal fistula,
it could not be done again.

The subject who had received 24.77 mg Ni/kg was electrocuted at

19:45; the results are collected in Table III.

Table III
lg e .
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1--Schedule of injections and samples

2--N1 injected in mg 3
3--Volume of bile collected in cm
4——Corresponding quantities of Wi in mg
- 5--81ight traces ‘ ’
6--The seven samples of bile together contained less than a
mg of nickel.
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Dog 8-~ 01/18 kg.

injections of chloralose dissolved in warm physiologlc serum:
8:25 and 1,50 g at 14 h.

maintained that way for the duration of the experiment.

The anesthesia was assured by two intravenous
2 g at
The biliary secretion was abundant and was
The subject having
25.3 mg of metallic nickel was electrocuted at 19 hours; Table IV summarizes

the results ohtained.

Table IV
\ i . \ . 0‘1’ i Volinnes !
toraire des e o i ' 2 bhite e
el wes prolevomons it T ergeddiis 0 CRrreLfnel N
i o e ;
;
O T D ' oese ;
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A O IR T T 1306 ! ’ i
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. i ; . : 5'4 , O, 12, fl
R O F e R T T X :
: } - !
to b, - s : ) .
_ : : 0,59 :
I8 b, — 15 h qu S TV N TN -- ! - i
{ ° H N .
S I S— } : i i
i ! ! 15 0,15 '

1-~Schedule of injections and samples
2--Ni injected in mg 3
3--Volume of bile collected in cm
4-~Corresponding quantities of Ni in ng
5-~MNone

Dog 9-»3, 16.5 kg. Anesthesia at 14:15 with 5 cm3 of 27 solution of

morphine chlorhydrate subcutaneously, followed at 14:50 by 4 cm3 of Roche's
The subject who

injectable somnifacient. Biliary secretion was scarce.

had received a total 27.5 mg of metallic nickel was electrocuted at 22:40;

Table V summarizes the results obtained.
=7
Dog 10-~of'19 kg. Anesthesia at 8:45 with 2 cm3 of 27 morphine

chlorhydrate subcutaneously, followed at 9 h by 4 cm3 of Roche's

injectable somnifacient. TFour successive intravenous injections of

NiCl2 were given, in one injection representing 121.3 mg of Ni-metal at

10-10:02 and three injections each representing 243.6 mg at 12-12:02,

R TR



14:45-14:47 and 16:30-16:32; the subject received a total of 44.9 mg
Ni-metal/kg. The subject, deeply poisoned, secreted from 10 to 18:20
barely 3 cm3 of bile, containing less than 0.10 mg nickel. ILe was
sacrificed by electrocution at 18:20.

Table V

N P '5“14""::':.\\
‘H‘:r:«i.’v TSP M L iantecte : de bl

H .
oY e pectens e i : FopneT, | SRR L TH PN
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17 h - 17 bt 130,06 g . o

17 b, — 19k Po— 1 5.9 0.17

19 b — 1 b de % 130,0 -

wh, o 2t h i - 2.5 0,19

N 21 e ? 130.0 i -

1--Schedule of injections and samplings
2—-Ni injected in mg 3
3--Volume of bile collected in cm
4—~Corresponding quantities of Ni in mg

We collected in Table VI the total of the results obtained. These
results valid for the conditions of the technique and the duration of our
experiments show that the biliary elimination of nickel took place in a
nearly constant manner without ever attaining a notable quantitative
slgnificance. This elimination was early: often it was manifested in the
hour following the time of the first injectlion; it seemed to be continued
beyond the duration of our experiments, yet the diminution of biliary
secretion consistently obscrved restricted it.

These results compared with those already published on cobalt show a
clear and remarkable difference between the two metals, N1 and Co, however
their chemistry is very similar. If chloralose seems to favor the biliary
elimination of nickel as it favors the elimination of cobalt, it nevertheless
remains that the biliary elimination of nickel always remains very much

less significant than the biliary elimination of cobalt. These facts are
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1--Weight in kg 7--Total quantity of N1 present in the collected

2--Anesthetics used bile in mg

3--Quantities of nickel used in mg 8~-None

4--Per kilogram 9--Very slight traces

5~-Actual duraticn of the experiment 10~-Determination was done in 1 cm3 of bile obtained

6--Volume of bila collected ir cm3 by the fistula, and on the gall bladder and its
contents, sampled at autopsy.
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perhaps dependent on the rapidity with which nickel injures the hepatic
cell; the first results of an aratomic-pathologic study, performed in

collaboration with M.R. Argaud, show that nickel is actually more aggressive

towvards the tissues than cobalt (5, 7).

&a Conclusions

The totality of the results reported establishes that quantities of

nickel being eliminated by the bile under the conditions of our experiments

always remain minimal; if these quantitics seemed to be slightly increased

under the choleretic effect of chloralose, they remained in every case

less than those which were observed in the study of biliary elimination

of cobalt done under analogous experimental conditions.
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. Lélimination biliaire du nickel,

o par M. F. CAUJOLLE.

' (Mémoire présenté d la sdance du 15 décembre 1936). °

.

¢ et e e
—

" Aprés injection intraveineuse de chlorure de nickel on observe

chez le Chien le passage du nickel dans la bile d’une maniére cons-
tanie, mais le taux de rélimination biliaire de ce métal est minime,
fout au moins dans les premiéres heures consécutives & Uadmi-
nistration. :

Aprés avoir établi les modalités de P'élimination biliaire du
cobalt [8], il nous a paru intéressant de rechercher dans quelle
mesure le nickel pouvail suivre la méme voie d’excrétion. Les
observations jusqu’ici publi¢es sur Pélimination biliaire du niec-

" kel sont peu nombreuses. En 1858, KLeT7insky [14] signale pour

la premitre fois Ia possibilit¢ pour le nickel de s'dliminer par la
bile. En 1860, WichenT [18] ayant fuit ingérer & un Chicn por-
teur-d'une fistule hiliaire un gramme de sulfale de nickel dissous
dans du lait, put mettre en évidence le nickel dans la bile secré-
tée dans les douze heures conséculives 4 Pingestion. LEHMANN
[15], publie, en 1909, lcs résultats de nombreuses expériences pra-

" tiquées sur le Chat el le Chien ; aprés administration per 0s de

quantités variables de chlorure, sulfate ou acétate de nickel (jus-
qu’a 12 mg. de Ni métal par kilog), le nickel a ¢ié généralcment
décelé dans la bile et parfois méme la concentration du nickel
se trouva étre plus élevée dans la bile que dans le sang. Par con-
tre, MascuErra, en 1927, rapporle n’avoir janais trouvé de nic-
kel dans la bile de Cobayes ayant regu per oS jusqu’a 500 mg. de
nickel-métal {16]. Nous-méme, en 1929, aprés injection intravei-
neuse de 50 mg. de chlorure de nickel & un Chien de 21 kg.,3 chlo-
ralosé, nous avons pu déceler le nickel dans la bile secrétée pen-
dant la deuxieme heure consécutive & Finjection [6]. Nous n’avons
pu relever d'aulres données sur l'importance de I'élimination bi-
linire du nickel. Le bul du présent travail a été de déterminer la
valeur immédiate de Pémonctoire hépato-bilinire vis-d-vis du nic-
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L'CLIMINATION BILTAIRE DU NICKEL. 343

kel chez le Chien porteur d’unc fistule cholédocienne extempora-
née, sous anesthésie au chloralose seu!, au chloralose associ¢ &
la morphine, ou au pantopon associé au somnifénc Roche.

r

: Techniques utilisées.

TrCHNIGQUE PHYSIOLOGIQUE, — Pour ¢lablir les fistules cholédo-
ciennes la technique physiologique snivie est identique & celle
déja déerite dans notre travail sur I'¢limination biliaire du co-

“balt [8] ; tous les ‘chantillons de bite recucillis étaient rigoureu-

sement exempls de sang.

Les injections de chlorure de nickel, dissous dans du sérum
physiolagique tidde, ont toujours ¢t¢ pratiquées par vote intra-
veineuse, dans le bout central de la saphéne. Les solutions injee-
tées de Cly Ni étaient généralement trés diludes.

TrECUNIQUE CHIMIQUE. — Nous nous sommes trés étroitement
inspir¢ des travaux de M. G. BenTranp ¢t de ses éléves sur le
nickel constant de la lerre arable [3], des végétaux [2] et des
animaux [1] ; ayant adopté Ja méthode eréce et ¢prouvée par ces
aulcurs, auxqucls nous renvoyons (4], nous nous limiterons & in-
diquer le détail du mode opiratoire suivi pour isoler, caractéri-
ser of doser le nickel dans les ¢échantillons de bile récoltés par les
fistules.

La bile est recucillic dans des sachels de caoulchouc fixés par
une ligature au bord de la canule, chaque échantillon est décanté
dans des capsules de porcelaine, les sachets sont rineés trois fois
avee 3 & 4 em? d’ean distillée, les eaux de ringage sont réunies avec
la hile ct le conitenu des capsules “est évaporé A Tétuve 105°-
110°. On calcine Pextrait sec au four & moufle sans dépasser le
rouge sombre, cetie caleinalion est parfois assez longue. Les cen-
dres sont ¢puisées méthodiquement & Pacide chlorhydrique ; la
solution obfenue contient & ¢4i¢ du nickel tous les éléments so-
lubles en milieu chlorhydrique et en particulier du fer, qui est
normaleiment présent en quantités appréciables dans la bile [13].

On évapore a siccitd au batn-marie ectte solution chlorhydrique,
on redissout e résidu dans gnelques em® d’eau distillée bouillante
el on traifc Ja solulion aqucuse ainsi obtenue, aprés refroidisse-
ment, par le double de son volume d’ammoniague officinale ; on
fillre, on lave le précipité et le filtre trois fois a4 Pammoniaque.
On réunit e filtrat et les ligueurs de lavages, qui contiennent le
nickel & U'état de complexe Ni (NIL)e™, dans un erlenmeycr de
500 ern® ; on ajoute quelgnes em® d’eau de chanx el on porle pro-
gressivement & Uébunllition : de grandes gqnantités d’amnmoniac
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se dégagent 5 on maintient Pébullilion jusqu'ay élimination lolale
de Panmioniae, en ajoutant au besoin de nouvelles quantilés deay
de chaux de nuniére & ee que jusqu'en fin Qoplération lu prisey.
ce dPune pelite quantité de chaux libre assure at milica une réqge.
tion franchement aleatine & la phtaléine. Pendant ce traiteney)
e de chaux se forme un précipité Wanchalre plus oo maoiny
abondant qui renferme toul le nickel contenu dans la solulion
chlorhydrique initiale {47, on le sépare par fillration, .

Le précipile est dissous duns (. s d'acide ehlorhydrique offie]
nal & 10 po 100, apees dissolulion on ajoute de Paedtale d®ampu,.
nium de manicre & passer en milics dacidite aedlique, ensaile
par un courant prolongd d'hydrogene sulfued pur (itré sur yy
tampon de oualed, on précipite le pickel 2 Pétat de sulfure de pie.
kel 5 ce sutfure de nickel nest pas purs il est mélangd & dunlye,
sulfures métalliques, tels que SCu el SCo, mais en spuantite 1oy
a fail négligeables pour objet de notee travail.

Le sulfure de nickel recucilli sur un filtre sans cendres est fave
avee une selulion & h p. 100 dacide acélique salurée hydrogi .
sulture ; le préeipité el le filtre, séehés & étuve & 105, sonl euf
cinés dans ane capsule pendant 20 minutes environ an four 4
moullle, le résidu constitud par de Poxyde de nickel esl dissony
dans quelques em® d'aeide ehlorhydrique officinal au demi P on
véunil ka liqueur ehlorhydrique el les caux de ringage de b cap.
sule dans un bécher, :

On porle & Uéballition el on ajoute un geand exces de solution
alcoolique &2 p, 100 de dimdéthylglvoxime, puis on relive du fen
el Foncajoute de Pammoniaque Jusqua réaction 1egerement alen.
line. Le précipité evistalling rouge vif, du complexe diméthylgly,
ximalte de nickel-dimdéthylglvoxime est recucilli sur un cretned
de Gooeh tard 5 on le lave & Peau chande, on séche i 100+ el on
pose.

St Vimporlance da précipité est insoffisante pour permeltye gy,
dosage pondéral, on achéve Ia détermination en redissodvant I
complexe diméthylgltoximique hicn desséeh¢ duns du ehlorofoi.
bouillant, puis on fail évaporer doucement celle solution ehlop,
formique dans une capsule de porecliine & fond aussi Pl g
possible ; on compare le résidu rouge ainsi obtenu avee des 14
moius préparés dans fes ménies condilions A partir de salution.
de ehlorure de nickel de titre connu (contenant 101 ¢l 10 2 i
gramne de nickel).

La mdéthode pondérale permet de doser un demi-milligranmmne
de nickel ; Fapproximalion colorimétrique nous o donnd Iy Jrie
sibilité d’évaluer des quantités de Pordee du centiéme de mill;
gramue.
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L'ELIMINATION BILISIRE DU NICKEL. 3455

Résultats expérimentany.

La foxicité du ehlorure de nickel pour le Chien est assez mal
fonnne, T dose mortelle par kilog d animat apres administration
bar voie introveineuse n’esl pas fixée 1] Gwenx 711 indigque
Qe Finjeetion intraveineuse de 600 mg. de ehlorure de nickel est
nmédintement mortelle potr un Chien, que I dose de 300 .
el tees toxique e détermine assez rapidement la mort. En Pab-
senee d'ime documentation précise, nous avans mis en woavre des
dases de elitorure de nickel sensiblement voisines de colles do
“hWorure de cobalt ulilisces lors de Pétude de Udlimination hi-
fiire de ce mélal, En réalité, dés fes trois premices essais, il nous
cbappara que le ehlorure de nickel pouvail ¢fre considérd com-
e dégerement plus toxique gue 1o ehilornve de eoball, toul au
moins pour le Chien el dans les conditions dadministration adop-
lees o nous avons done ¢1é condnits a diminuer les doses injee-
Fes, ades Tragmenter of @ ne pousser les injeclions quavee une
exteéme Jentear (71,

Chien 1. 4,18 kg Anesthésic a 8 I 30 avee 5 em® de solution
A2 pl o0 de chlorhydreate de morphine par voic sous-cufande,
Sivis 2 8 h. 55 de | #£.80 de ehlormlose dissons dans 100 en de
serom physiologique liede par voic inlraveineuse. Deux injections
de solution de eblorare de nichel, soil £33 mg.8 de Ni-métal A
b 3510 1. 35 ot 257 L6 ode Ni-mictal & 12 =12 I, L Le sujel
reen 20 g 29 de Ni-mélal par kilog < i1 succombe 2012 . 5. De
T b 3008 12 DA, i seerdté 2 en® de bile, ne conlenant pas de
nickel La bite vésiculaire preéfevée o Paalopsie ne contient pas de
ekl

Chien 2. d, 20 kg Anesthésic 4 9 I, 30 avee 2 £.00 de clilo-
rilose dissous dans du sérum physiologique et administeé en deux
injeclions conséeutives, Deux injeclions de solution de CLNi
aotl 610) gD de Ni-iadtal 4 10 W, 18-10 h 20, of 261 mg, de Ni-
e A 12 e 13-12 by 19, La morl survient peu apres la seconde
injeetion, le sujel ayant recn moins de 17 mg. de Ni-métal par ki-
logr 1y 1 premicre injection, Ia séerélion bilinire forl abondante
vestradentie s de 10 1. 20 Jusqui Pheure de la mort, on a recueil-
Bamoins d*un em?® de bile, contenant des fraces infimes de nickel :
b vésicnle ef Ia bite vésiculaire, recueiliies o I'aulopsie, contien-
nent LO0 g, de nickel, soit 2,97 mg. de Ni-métal par 100 g. de
tliere,

Chien 3.- - 9, 15 kg, Anesthésice 4 8 h. 55 avee 1 g.00 de chto-

radase dissons dans 80 em? de sérum physiologique. recoit a 14

b1 une seconde injeetion de 1 i1. de chloralose dissous dans 20




340 F. CAUJOLLE.

e de sérum physiologique. Le sujet seercle peu de bile ; il sue-
combe & 16 I aprés avoir recu en 6 injections 29,9 mg. de Ni-mc-
tal par hilog 5 les résultals sont réunis dans le tableau L
TABLEAU 1. '

i \ 2. AV otumes L\—' ( .
i Horaire des injections Ni injecté do bile o Juantitia
et des prefovements en g, pecnvillis | cotrEspondantes de Ni
i en om en .
' 9 h, o — 9l 57 43,5 — .
i
t 10 h 5 — f0h O 43,5 — : _—
; 9 h. 55 — 11 h. — 0,6 traces ll‘;{l:x'f:nﬁ
D215 = 32 ko170 L TRD - —_
P42 b 25— 12 b 29 58,0 — -
15 b 37— 15 ho 43 72,5 - —
I © 45 h. 3% — 15 L. 56 h4,0 — —_
boarh, — 16 h, - 0,5 néant Lo
l 3
Chien 4. &, 175 kg, Anesthicsié & 9 havee 2 em® de solution

a2 p. OO de ('hl(}rh_\'(lr;llv de morphine par voie stus-culande,
suivis & 9 D 23 de 1 g.80 de chloratose dissous dans 100 cm® de
sérum physiologique ticde par voie inlraveineuse. Aprés avoir re-
cu 7.4 mg de Niamdétal par kilog, Panimal est électroculé a 18
I, 25 ; les résultals sonb réunis dins le tableau . La séerétion
bilinire se suspend i 16 h. 30,

TABLEAU II.

} \ /2- 5 Voluuies \; Ouanlité
i Horaire des injections Nitujecté |7 de bile U ")""’",‘ ’1‘:3 fe N
: et des prefevements en ing. recucillis | COTRERPONC ‘”'ﬂ'” di o
| en ot e g,
|
P10 b 85 — 10 b 39 43,5 — -
i 1 M1 [t D T IY e
P10 hos - 11 h b — 2 traces legeres S
| w2
. flh b — 12 h. - 2 traces fegiress
L1 h — 2 h. 2 A0 - — ;
i ~
D2 h — 14 — [ Cotrares Il"',:":n:sb
14 h — 2 51,5 , --
! i

[ 14 h — 15 h. 30 — 8 I traces ;

15 h 30 — 16 h. 50O - 4 i trinces
‘;l:l‘h cing cchantilons de hile resuis contiennent woine de 0,20 Joi, o uir.iu'l-nuzt:nl[ﬁ
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Les eingg cehantitlons de bile réunis contiennent moins de 0,20
my, de nickel-métal,

Chien 5. & W kg Anesthésié a 8 . 20 avee 5 em? de solution
A p. 100 de ehlorhydrate de morphine par voie sous-cuiande
arivic 8 h. 30 de U .00 de chloralose dissous dans 80 et de
sérim physiologique fidde par voie intraveincuse, De O ho 47 &
i b, 2, on injecte une solution de ehlorure de nickel contenant
w37 de nickel métal, soil 9 mg.,7 par kilog. Le sujel soe-
combe A 18 heures neayanl seerélé que 4 om2 de bile : celte bile
ne eontient que de faibles Traces de nickel.

Chien 6. 4,10 kg A nesthésic & 9 henres avee 1 2,50 de chlo-
Falose dissotus dans 60 cm® de sérum physiologique {itde par voie
intrnveinease, snivis a 14 heures d'nme seconde injection de 0 g.50
divsons dans 30 em?® de sérnm physiologique licde, De 10 h. 2 4
10 . 45, on injecte dans la saphene une sotution de chlorure de
mickel confenant 150 mg. de Ni-métal, soit 10 mg. par kilog. Le

Canjel est Hectroeuté 17l bb. Dans Ia bile réeoltée de 10 b 2811

ho, il 0’y a pas de nickel ; & partiv de 11 heures, Ie nickel appa-

y *

TABLEAU IIL

) ‘ = g\'.nlx‘mmsr TN 77., ‘V ‘
\ tloraire des ivjections Ni injecté de’ bile LL 0“’“““‘“% ..
: et des prélevements on my, recueittis | * rrespondantes de N
i ) en Cll\.‘ on my.
10, 16 — 10 h. 20 £00,00 _ —_
10 L, 16 — 12 L — 1,1 traces légores g
2 h — 14 h, e 1,9 traces légores
12 . 6 — 12 h. 16 130,50 — — .
TN — 15 h. - 2,7 traces légéres j?
15 h. — 16 ho 10, — 7,0 traces
th b6 — 16 ho 19 474,00 — —
16 h. 10 . — 17 h. 30 — 6,9 traces i
17 h. 30 — 17 h. 50 — 2 {races légéres
17 h. 50 -— 18 h, 35 — — traces légéres
18 h. 35 — 18 h. 41 165,30 0,2 - : ‘
15 h. 45 — 18 hoAS — 0 0
Les sept échautillons de bile réunis conticnnent un pen moins d'un mg. de nickrlé
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313 . GAUJOLLE,

I rait dans a bile mais en trés faible quantité 5 de 1T he 36 4 17 h,
A0, tous les dehantitlons de bile récollés contiennent également
du nickel mais togjours en faible quantité, L'éliminaltion fotale

est de Tordre de™0,15 mg. pour un volume bilivire tolad denviran .
20 em?, ' :

P Chien 7. --- &, 23 kg, Laneslhésic est assurdée par 3 injeclions ;
§ ' intraveineuses de chloradose dissons dans du sérom physiologique ,
liede ¢ 2 ¢,30 090 2, — 0820090 10, - Lg,b00 12 b 450

La séerdélion bilinire ralentie jusqu™a 14 heares, devient ensuile f

abondante jusqu™ 17 h. 30 é

La gqualricme injection de Cl Nioest pratiqudée, par exceplion,

, dans e veine mésaraique mise aono par laparolomie 5 le but 3
poursuivi ¢tait de savoir sila perméabilité hépalique serail plus Q
grande lorsque ke onickel aborderait -le lobule héputique par Jes !

canalicules du systéme porle  Pexpérience trés shockante pour

" Fanimal, déja travmatise par Uétablissement de Ta fistule cholé- '
% docienne, n'a pu ¢lre renouvelde . §
V Le sujel, qui aorecw 20 mg 77 de Nicpar kilog, est éleclrocuts #

a9 he 45 5 les résultats sont réunis dans Te lablean TH, ‘g

Chienn 8. - &, 18 kg, Lanesthésie est assurdée par 2 injections

intraveineuses de chioralose dissous dans du sérum physiologigue

ticde @2 g, 08 he 20 et 4 g 00 & 1 benres, L séerétion biliaire

|
|
|
|
b est abondante o se mainticnl pendauat toute Lo durée de Pexpdé-
i ricnee, Le sujel qui a regu par kilog 25,4 myg. de nickel-miétal esl
| cleetrocutd & 18 heures o le Lublean IV eéswine Tes eésultals obte-
!
| nus.
| TABLEAU 1V,
| ! i } {
| : \ 1 Volunes I
Horaire des injections Ni injects de bite A U'l‘l‘!"““‘f» | \v.v’
i et des prétevements en mg. recneillis | COrrespondames de g
: on e LA P3N
‘ i
3 i §
| | ; !
| I 1t h — 11h 5 65,0 —_ . ;
| o tth, — 12h - S5 o udant ‘)/ !
| ; 12 h, — 12hoto 1:10,0 — ;
%
éé 2 h. — 15 h. - 9,1 0,12 3
{
Poth e — 15 ho g0 130,0 - —_ k
, 15 h, — 18 k. — 0,59 ;Ii
P 4
; 18, — 18 v 10 130,0 — — ¢
18 h, — 19 h. — 1,5 0,14 ?
e

oo S
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LELIMINATION BULIAIRE DU NICKEL, 340
Chien 9. G, 16,0 kg, Anesthésic a0 LR avee 5 em® de solu-

tion a2 po 100 de ehlorhydrale de morphine par voie sous-cuta-
neée, suivis UL D30 de e de somniféne Rochie injeetable, La
seerétion bilinive est pen abondante, Le sajel, qui a veen au total
27,05 my. de niekelmdétal, ost éectroculd & 22 he 10 0 Te tableau
Vordésume Tes résultals oblenas,

TABLEAU V.,

:‘ k Horaire des injeetions ;f,i;ljl‘,ch" ‘:?4‘-”;:?!{: ! ('/ ) ‘Q""!"'m‘:ﬁ o Ni
: et des prélivements enomy, r:";u(;‘n:li’s . ‘“”“l“:\'}‘\‘ :l'l‘::“ de ) “
: 16 h, -~ 16 h. 5 65,0 - -
16 h. - 17 h. — 2,0 trace tres Iég‘(\r.g
} 17 h. — 17 h, 10 130,0 — —
! 17 h. -- 19 L — 3,9 - 0,17 :
C 19 h. -~ 19 b1 30,0 _
‘ 19 h, - 210 W - 2.9 0,19
21 h. -~ 21 . 107 1300 - —
9 h. - 22 h. A6 — 2,7 0.10
Chien 10, 4, 19 kg Anesthésié & 8 h, J4h avee 2 em?® de solu-

ion 502 po 100 de ehlorhydrate de morphine par voie sous-cutande,
suivis a9 heures de 1 oem® de somnilene Roche injectable. On
pralique quatre injeelions intraveineuses suceessives de CLNT
soit une injeetion représentant 1208 mg, de Ni-mdétal & 10 he-
101, 2 ¢t trois injeelions représentant chacune 2436 mg. & 12 he-
b2 11 L d0-11 he 47 et 16 hy 30-16 he 32 ¢ le sujel vegoit an
fotal 44,9 mg. de Ni-métal par kilog. Le sujet profondément in-
loxique seerdte de 10 b a 18 hy 20 4 peine 3 em?® de hile, contenant
mnins de 0 me, 10 de nickel, 11 est saerifié par éectrocnlion
I h. 20,

Nous avons rénnt dans le fableau VI UVensemble des résulials

ablenus, Ces résultats, valables pour les condilions de technique
ebde durde de nos expériences, montrent que Uéliminalion biliai-
ve i niekel seoréalise dlune facon & pea pres constante sans ja-
maic alteindee une imporbince quantifative notable, Cette ¢limi-
malion est précoce @oelle se manifeste souvent dans Theure qui
“oil le mament de la premidre injeelion 1 elle parait devoir se
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TABLEAU VI.

‘ =
l ‘ T T ST T T T s T
‘: 1 : L 3 Quartites S % b _}
! i de nicke! utilisées . aat ! . ité -
we gy Poids ‘ te ”(':1: munmy% Durée réelle  Volume de bile Juantité totale de Ni
A 0 i ° [ oyee . H
Fordre toen - : Arnesthésiques utilisés de ! recueilli présente dans la bile
Pordre . S
‘ kg. ‘ - ‘u_“” T Pexpérience en cmd recueiilis eu mg.
l totale par rilog
H H t ' K
i ’ ' | : 1
; . :
i !
1 1' 18 morphine 4+ chloralose 126,50 26,4 1 5. 38 (4 2.0 néant \Z .
§
5 1 or e ralicp Lan A 17 ¢ a g .. e irbe lhons 01 ; 5
2 7 2 Chioraionse | 422,00 7.0 S by i, traces ires idgérest | .
i : !
EENE A chioraicse 254,00 22,9 1h. 20 5 1,1 1,00 P
! | <
4 17,5 morphine 4+ chloralose T FIRA 7 ho 5o 21,0 0,20 'EE .
| i : =
0009 merphine <+ cliloralose 87,57 9,7 8 h. 13 4,2 traces tres logires =
]
6 | 15 chioralose 150,00 16,0 C7 h. 4S8 env. 20 0.13
7 | 23 i chioralase i 369,85 2%.8 9 h. ou 20,3 < 1.60
i . . [ .
SIS chlavalose boA35, 0 25,2 S b v, 1 i 0.389 .
i ! ! ;
8 E 15,5 merphine + somniféne | 335,00 20,8, 6 hoso 11,5 0,16 ;
! !
' . . !
10 ‘ 1¢ morphine + somnifene 0 830,80 1 49 1 8 W20 ‘ 3.0 < 0,10
, : ; . | .
0 Le dosaze aperte sur toem” de bilel

2 par ja fisttie, et sur la sesicule billaize et son contenu, préleves i Fanto; >ie.lo

< s T A - .-
E{;‘m.x'r“:!‘ﬂ‘—"' . R e AT PRI VT L N RS R e e s 5 S ek ae g e ey et et oo At o -
ATV AR A o A e e Ty v

et



!“f"‘tvﬂq

TNt e T W e T et Y VA s

N h DA S e,

G Be e g

s ey Y

LELIMINATION BILIAIRE DU NICKEL, and
prolonger a=delide Ta durde de nos expériences, encore Ia dimi-
tittian de T séerdtion bilinire constaniment observée vient-ete Ia
testreindre.

Cos résultats confranlés avee eenx déja publics sur le coball,
font apparailve une dillérence netle of vernarguable entre ees deux
metaux, e Niel le Co, gue Iachimie rapproche cependand {véds
roilement, Stole ehlordose parail favoriser Péliminalion hilinive
the vickel comuime 11 favorise Pélimination du coball, il n'en resfe
P moins que Pélimination bilinire du nickel demenre teujours
s ofdrienre en nportapee o Pélimination biliaive dua eoball.
Cos fails <ont peal-¢lre sous I dépendanee de la rapidité avee
Biguetle Je nickel 1ose Ta cellnde bhéptique @ les premiers vésullats
dune dade stomao-pathologique, effceluce en collaboralion avee
MoBL Ancars, monleent en eltel que-te nicket est bien plus agres-

b pour fes lissos que e cobalt {5, 77,

Conclusions.

L'ensemble des yésultals vapportés ¢lablit que les quantités de
nichel S¢liminant par Ta bile, dans les condilions de nos exXpé-
Aciees, demenrent loujours minimes ;3 si cos quantilés paraissent
vangmenter Cgerement sous Ueltel cholérélique du ehloralose,
e demenrent, en fous cas, inféricnres i eelles quiil est permis
doleerver dans I'étude de Pélimination bilinire du coball efifectude
vtk s candilions expirimentales analogues,
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POXIC ACTION OF NICKZL WI¥l PERORAL ADMINISTRATION

I. XK. Chernentkiy and L. V. Smirnova

Nickel as a trace element is a constituent of living organisms
(A. I. Voynar). It is essential in certain low quantities as
a catalyst of several oxidative processes, but if present in
a large amount, it.may be toxic. For example, plants growing on
goil in regions abounding in nickel are known to assume abnormal
shapes, while animals in these regions accumulate nickel in their
fur, skin, and horns. Sheep and cows, especially young stock,
frequently suffer from such eye diseases as keratitis and kerato-
conjunctivitis (S. N. Cherkinskiy; A. I. Voynar). Although there
are indications that hickel can be toxic regardless of the moite
of entry into the body, the question of whether it is injurious
when ingested is still moot. HMoreover, some data seem to suggest
that nickel is completely harmless with this route of entry. .
The problem of nickel toxicity became particularly acute
after nickel and nickel-plated pots came into widespread use because
of the possibility that a large amount of the element might bé taken
up by food during cooking (A. V. Rey@gf). However, most investigators
point out that nickel consumed with food is relatively harmless
because a person eating food cooked in a nickel pét will not receive

of the element
more than 2 mg per kg of body weight a day. And ¥8 at a dose of
A
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100 lwg/kg it does not appear to have a perceptihly toxic effect on

experimentsl animals. Leman shares this view unequivocally.

The conflict in the data presented above prompted us to make
a further study of the toxicity of nickel when administered perorally.
For this purpose we introduced into the stomachs of white rats through

a tube & nickel chloride solution at doses of 0.06, 0.12, and 0.5 ng/kg

(in metallic nickel equivalent) once a day for 13 weeks. Each of

the 3 experipental groups consisted of 10 animals. The control
also consisted of 10 rats given distilled water.

The animals' general condition and behavior were monitored
throughout the experiment and they were regularly weighed. The
nunber of erythrqcytes and leukocytes in peripheral blood was determined
before the experiment, 30 and 60 days from the start, and at the

blood )
end. The color index andAFatalase activity was studied before the

experiment and at the end.
The animals looked completely healthy, remained active, and
in
ate the food offered throughout the experiment. However,‘the rats
that received 0.12 and 0.3 mg/kg of nickel, the weight increase

expressed &% a percentage of the baeseline value for each group

was less at the end of the experiment. The lag was most pronounced

g™



in the animals that received 0.3 mg/kg of the trace element; it was

16% of the control. The number of erythrocytes and leukocytes fluctuated
within physiological limits in all the groups. While it was impossible
to detect any apprcciable difference between the control and experimental
animals with respect to the number of leukocytes, the number of
erythrocytes in the experimental animals was somewhat smaller than

in the control during the first 60 dayé. There were no changes in

the color index, which is affected by blood catalase activity. The
latter decreased in all the experimental animals at the end of fhe
experiment, but the dose of nickel per se did not have any regular

effect. It decreased appreciably at poth the highest and the lowest

" doses tested.

Heart, lung, liver, spleen, and kidney sections from the experimental
animals were stained with hematoxylin-eosin for microscopic examination.
In contrast with the findings of Ya. M. Grushko et al., we failed
to detect any gross or microscopic changes in the rat organs.
Nevertheless, the experiments suggest that protracted peroral
administration of nickel may not be innocuous for animals.
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O TOKCHYECKOM HEHCTBHH HHKEJ
. MNPy NEPOPAJILHGM BBEALEHNWH

H. K. Yepuenoxud, J. B. Cuupuosa

Hukedb KAk MHEPOIICMEUT spisicies vocrantol uactie opiannsss (A T Bediap).
B oOpeneacHHBIN MAJBIX KOJMUCCTERRN Ol HCOOXOAIN ODUIIIGMY Kir Rata fop ptia
QEHCHTEABHLIX  HPOLLCCOn, o AP BHCOKOM COMCNAGHTIME Mudie! okl GRG0
seficrriie, HI3BCCTRO, HANPHMEP, H10O PUCTEIHS,, IDGHAPUCTAONHC HY HOMBU o0 GOULe-
WEHHELX HUKeAeM, NpuoGperalot ypoLIHpLie Dopubl, & v hiBC IS ST padoron H
HAKATULIBACTCS B UICPCTH, KO H POFUX, HPHGCM ¥ OUci B Enpian. ov Gofti o
13cTO BETPEMAIOTCA BALOSEBANNT  FIAG BRI RCPATHTOR i paiaio
(C. H. Uepsunckii; A H. Bodiap). Hecworps i 1o G1o s0qeio /00 Yrasast B
HVIO TOKCHUHOCTL HHKCAN FPH PABNLIX HVEAX 1Ol TV BoADTHI, ROHDOC O
APRCTBINE BCHIECTLA TTPH HUPOPATS HOM LECLCHE OCIACIEG 10 CIX TH0p Jhepeiliehtn
1070, HOKOTOPLC CAEICHHA KIK G CRILICTCL CTBYIT o HOJHGE Geanpeitee:
3TOM DYTH BGETOHILS.

ITpoGaena TORUHMUOCTIL IHISCAs UPH YHTCPAULIDST BYIH Lueidn
OCTPOIT HOCAC TOIC, KAK MOAYUIIG HHIPOLOC JHcupucT privitse Hi
nOTYA2, W3 KOTOPOIT ilpi BAPKE MUK (0Pesu/Lirh B 1 HTRUHE RS
a7 (A, B. Peitcaep). Ho GoasttinieTno 08TRPOB G1Me s oHiee
Ma 3TOrO aaeMenta per s, HOQ, HOJ iyt TN TUER !
eReAIeRIO He Oodec 2 M7 HuECT it 1 ST necd, Teiia
100 MKE/KE 4KOOBL HE 1E00T SaMCTHOTO TDRCHE CROP 3qiuiind,
WEOPHEHOCTLIO GLLAO BRPaKeHo Jleuaioy.

FIponiopessnocTs, HAMOMUBILIY TaHHLIN 1Dy Litia
HIVUEHHE TOKCHUCCKIX CBOMCTI HHKCE P Bepopadident iy i

C 3TON HeJdbI0 ML BROULHE DA B CVTRIE C TOMGIE ) 5
weas B opgozax U06, 0,12 1 0,3 MIUKD (B BOpeeucte B Noelddmities
ca B TeucHne 13 medcdn. B KAAIVIC M3 3 oOLTHLIX Fpviid Jb
Foutpoasnas rpynia Takme coctorita iy 10 gpravy o

B x0fe HCCACHODANHIL KOHTPONLPOLATL o0l o
X ciereMartideckH paseuntpamn Jo onnita, uepad 30w
0T OTIPENEAAAN KOFNYCCTBO 3PH POUHTOR H JvdKOtHTeT
HOW TOKa3ATe’h 1 KATANABHYI BKTHLHOCTH Kpept jrieim

B reucHue BCCTO ONLIT KUBOTHRE LLLLLWH conepl
W oopenani nodaoskesianfl Kopa. Ofparg ¥ Kpuie, Hedyas
05 mr/kr, HPHPOCT BeCa K KOWILY GHBLA,  BUPACLiim
KA 0§ TPYIibt, Gui Mennige, Orerasanue uoeecs Oula0 B2
HBIX, KOTOPLIM BREOJHIN MHKPOwICAe: B 030 13 OO
Mo ¢ KouTpoaes. Koamecrso spTpoliion i Jushoiites i
AHBOTHREIX 13 (PUIUOIOUHHCCKHN 1P eaN, Fear ool 5108 ge Vi
PASHIILT B KOJANUCCTRE  ACHKOIH OB MeAUTY  KOHTPOILIDINGE 1 iloini
f) KONHULCTBO SPHTPORKTOR Y NOGTOHLITILIN AMBOTILN 1 Toteiie 1o
HECKOALKO CHMACLIO [0 CPABHEIHD ¢ Kofipoaest flneionid neeiioro
MEUZJOCH, 4TO KACACTCH KT SKTHEHOCTE Lpoity, 10 ol CHILANACh 7 BCex 1040
UBITHLIX  AKUBOTHBIY 1 KOHILC HCCACLNBUHIS, HO 3aKOHOMODHUTD BANSHIISL T03ut Bk He
OGUAPYAEHO —= IAMCTHOE CIIUKCHHS KATAIAHON AKIHGHOCHT XPOLE - ORAZATOCH KAk Hpi
HARGOALICH, TAK 3L HPH HAHMCUBIICH H3 UCHLITAHHBIX 103,

J1A8 MHKDOCKOURACCKOTO  HCCACAOBANHS CPORLI CUPIRG, JCTKIX,  DCHUIDE, CONCICHRHA
B HOUeK AKHBOTHBIN OKJEIUIMBAMI FCMATOKCIZINE203MH0M . B oranare o1 ldinuy, npiEos-
Mbx S0 M. TPYUIKO ¥ COaBTOPAMIL MLU He OGHAPYAILIL MAIKPO- 511E MIKPOCKOMINCCRHN
taMmenennit opranos kpuic. TeM e MeHCE OHLITBL HOIBMSIOY JARAOUHTL, MTH AAGUTNILHOS
BReACHHe MHKEIS Per 05 MOKCT GoITh HeOCIPAZTHUHBIM JLAs OPYGHIBMA HIBOTHBIX.
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STIMULATION OF ENZYME ACTIVITY IN THE UTERUS
OF THE GUINEA PTG BY NICKEL I0NS

Ry

R. H. CORMANEY, . SPRUILT axn J. P. KUIPER

1. INTRODUCTION

The observativn that nickel ions cause o contraction of the
uterus of puinea pigs (Servir and Kemees, 1967) led to an
investigation into the influence of these ions on hixtochemically
denmonstrable enzymes in that organ.

Nicke] usually inhibits the aetivity of enzymes, if any effect
can be observed (Vanner, 1961), We found, however, a cliaracteristic
stimuolation of the activity of alkaline phosphatase in some
circunstances. In the human uterus this enzy e has been observed
to ocour with variable activity and to be espeeially localized in
the muscle fibres (OB, 1950). It has been suggested, that the
enzyme plays arole in glycogenesis and in the transport of organic
substances across cell membrancs (Hoyxek vax Pavexprecrr,
1963; HerTio ef al., 1958). ’

2. EXPERIMENTAL

The guinea pig uteri were suspended in the apparatus according
to Scuvrrz and Darg, as deseribed before (Serurr and Kuiesr,
1967). Soime contractions were produced by the addition of histamine
to the surrounding Tyrode solution. The histwmine was rinsed
from the uterns with Tyrode solution. A ealeulated amount of
nickel or cobalt chloride was then added to the Tyrode solution
to obtain the final concentrations shown in Table 1. When the
uterus had contracted, it was allowed to relax before it was

1) Present address: Dormatologischo Universiteitskliniok Binnen Gost.
huiz, Amsterdam-C., Holland.
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transferred to a tube and immersed in liquid nitrogen for quick
freczing. Because the lowest nickel concentrations and all cobalt
concentrations did not produce a contraction of thoe uterus
(Table 1, d and e), a period of 5 min was allowed to pass before
these uteri were taken from the Tyrode solution to be frozen.
During this 5 minute period the metal ion will have been adsorbed

to the uterus, .
In Table 1 uteri f were not treated in the same way as uteri b

Tasre 1

Contraction and alkaline phosphatase activity of the wterus of the guinea pig
with some metal ion concentrations.

uterus stimulated by i contraction elkaline phosphatase
Ni++ [ Co++ i - activity of the myametrium

a — — — normal
b |3 mmol;] — -+ much increased
¢ | 0.3 mwmol/) — -} normal
d | 0.01 mmolfl - — normal
e — 3 mmol/l — somewhat inereased
/|3 mmol/l — 4 much incressed

and rinsed

by Tyrode

solution

and the other uteri, as they were very well rinsed with Tyrode
solution to remove all nickel from the uteri. In view of the results
of previous experiments (Spruir and KUIPER, 1967), this was
achicved by washing three times immediately after the contraction,
with an interval of 2 min between washes; this procedure was
repeated for halt an hour.

The uteri were investigated histochemically for some hydrolyzing
enzymes, alkaline and acid phosphatases, AMP-ase, ADP-ase,
A')'P-ase and polyphosphatase, as in carlier investigations of human
skin by Cormaxe and Karsprex (1963). Only the alkaline
phosphatase activity of some uteri appeared to be different from
the activity of the normal histamine-stimulated uteri. In this study
the method of Gomonri (1952) was applicd. The results of the
estimations are recorded in Table 1.

bk
o
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Not ouly was the activity of the alkaline phosphatase of the
myometrium of uteri » and f different from normal but the activity
and loealization in the endometrium had also changed. In normal
sections alkaline phosphatase activity was observed in the inter-
stitium of the uteri only, and no activity was observed inside cells
of the endometrium or at cell membranes (Fig. 1, «). KEven the
uteri, treated with 8 mmol Cofl, showed no appreciable alkaline
phosphatase activity in the myometrium and the endometrium, nor
was any activity of the enzyme observed at cell membranes. At
the cell membranes of the glandular epithelium of uteri b and f,
however, intense retivity of alkaline phosphatase was seen (Fig. 1, ).
The interior of the cells again showed no activity.

3. DISCUSSION

Because the activity of alkaline phosphatase was dcetermined
by the method of Gomori (1952), and since during this treatment
cobalt sulphide is being precipitated, the presence of nickel or
cobalt originating from the experiments might possibly give rise
to blackening, not originating from alkaline phosphatese activity.

However, the concentrations of nickel and cobalt used in these

experiments were low. Thus, a concentration of 0.3 mmol Ni/l did
not blacken the sections. A concentration of 3 mmol Cofl may
have blackencd the sections to such an extent that the activity
observed was “somewhat inecreased” (Table 1). Therefore, the
nickel originating from the 3 mmol Nifl solution cannot have
blackened the scctions appreciably. Besides, the rinsed uteri f were
blackened as much as uteri b. Cousequently, the really “much
inereased” activity of the alkaline phosphatase observed in b and f
must have originated from the enzyme itself.

If the concentration of nickel ions was in excess of that required
for maximum contraction and maximum adsorption, the activity
of the alkaline phosphatase in the interstitium of myo- and
endometrium was very much increased. It is striking, morcover,
that a very strong cnzyme activily was found at the cell membranes
in the endometrium, where it was not present before. The presence
of nickel changed the alkaline phosphatase activity very much,
but only when it was present in excess.

Incubation with fresh Tyrode solution for half an bour
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STIMULATION OF ENZYME ACTIVITY 447

(experiments f) did not vestore the Jow intensity of the alkaline
phosphatase activity nor remove it from the cell membranes. As
a consequence, the change in alkaline phosphatase activity by the
transient prescnec of nickel is not a temporavy one. This lasting
cuzyme activity corvelates with the non-restorable contractility
of the nterus after treatment with sueh niekel concentrations and
might perhaps be  correlated  with varialions in membrane
permeahility (see Meves, 1963; Hertia of al., 1938).

SUMMARY

The alkaline phosphatase activity of (he interstitim of myo- and
endometrium is much increased when the uferus of the guinea pig has been
exposed for a few ninutes 1o a nickel concentration exeeeding the
concentration reguired for maximum contraction and maximum adsorption
(z- 1 mmnl Nit' ), Inaddition enzyme activity is fouind at the coll membranes
of the glandular cpithelium in the endometrium where it was not found
before.

The alkaline phosphatase setivity of uteri, exposed Lo Cot+, does not

deviate from normal,
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Fig. 1. Sections of the uterus of tho guinea pig. Cells coloured by hema-
toxylin-cosin; alkaline phosphatase activity traced by CoS (Goxoni-method),

e) utorus stimulated by histamine only; no nickel present. No alkaline
phosphatase activity can be observed at cell membranes of the glandular
cpithelium in the ondometritm (arrow).

f) uterus stimulsted by 3 nunol Nifl; immedintely after tho contraction
the Ni was rinsed complutely for § h, Phosphatase activity is now ohserved
at coll mombrancs, For explunation seo toxt.
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The possibility that trace metals may play
an important part in the etiology vf coronary
heart discase is attracting increasing atten-

tion, Trace metals are known to be essential

to certain enzyme systems, some of which are

involved in the metabolism of blood lipids..

Vitale. and his co-workers? were able to

_reduce’ the deposition of lipids in the aurta

and heart valves of animals fed a dict high in
magnesium, ~ Vanadium has been found to
inhibit both cholesterol and  phospholipid
biosynthesis in animals.? Lewis® reported
that the mean serum cholesterol concentration
of 24 workmen exposed to vanadium was
significantly lower than that of controls,
Perry and Camel * produced a marked reduc-
tion in the serum cholesterol of 5 hyper-
cholesteremic patients by the administration
of CaNay edetate.

The idea that trace metals may be involved
in atherogenesis has also been supported by
some epidemiologic evidence.  Schroeder?
reported significant negative covrelation
hetween water hardness mud mortality from
cardiovascular diseases in the Unifed States.
in o further examination of virious wader
constituents: he found magnesium and cal-
ciunt 1o be the cations mast closely relted to
death rates from coronary heart diseases A

lr‘nlvnrh:-! at the 27th Anmml Meeting of ihe
Uudustrial Hvgiens Formdation, Pittsbugeh, Qo 2
1952

Assistant Medien! Divector D D Aot and
Piostatisticinn (e Pell), Medioad Diviseen, b L
du Pont de Nonom~ ad Co, Toe

7
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sintilar study of cardivvascular mortality in
England and Wales Ly Morris and lis co-
workers ® contirmed  Schroeder’s  findings,
except for a low correlation between coro-
nary heart disease and magnesiun. Sauer,?
in analyzing the variation in cardiovascular
mortality in metropolitan and  nonmetro-
politan arcas uf the United States, noted that,
in 9 of the 10 highest rate areas, there is
practically no magnesium in the drinking
water, but some magnesitmn has been found
in the drinking water of a majority of cities
in the 10 lowest rate areas. Strain? has
drawn attention to the presence of vanadium
in the hard water and its absence in the soft
water of certain areas of the United States,
Whether the statistical associations between
trace elements in drinking water and cardio-
vascular discase mortality are the results of
cause and cffect relationships or merely
spurious associations has yet to be deter-
mined. ’

Methods and Materials

The purpose of the stady reporned

here 18 1o
detertine whetlion certicn e seteds present in
the sern e sty dhnvated or abnormadly
aheent in persons who deveiop s andial mfaret
By comnparine the patienis fo0 srenn of matciied
controbe, Phest o were et 0 rns 25 persons

cotmecuiine b eiintiod e lees! qitads with a
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elene s in the sera were made by anisson speetro-
graphic anabysis; as Tollows :

Simphes of Blood serum were wshad in platinum
usarg approxinedely Vol of LSO The ash
equivalent to a 1 gm. sample of Liood serum was
placed i a graphite clectrode and areed at 1 amp.
doe for 4 minutes. The spectrit were recorded e
Fastinan J-o emuolsion between 2400 aond 3000A
using the moving plate techuigne, A visual estimate
of the intensitics ol the sample spectrogram s
comspared  with  standard  speetrograms prepared
from a series of “Spex” standards, These standards
‘are cupplicd by Spex Industries, Ine,, and contain
43 clements in a graphite base. The method yiclds
amswers good to about a factor of one-hall to twice
the actual vidues.

Since this method does not enable one 1o measure
the actual value, the results can be preseuted only by
specilyving the range within which the actual value
lies. Thus, “2-10" means that the levd i the sera
can he any value between 2 and 10 ppm. When the
elemnent 15 not detected, the initials NID are used,
Since the tecliigue 15 not sufficiently sensitive to
detect values below certain devels, the limits of
sensitivity are also specified. “N D17, far exaple,
means that the particular element was not deteeted
but could have been either totally absemt or have
been present in somie amount np 1o 1 ppo.

Subsequent to the admission of the patients, the
hospital charts were reviewed by us for confirma-
tion of the diagnosis. In 20 of the 23 cases, a
diagnosis of myocardial infarction was detinitely
established by electrocardiographic ad other evi-
devee. Tn 2 cases, the diagnosis made <uhzequent to
admission was coronary insufficiency; and in 3
others, the clectracardiograms indicated that myo-
cardial infarction was pessible but coubd not he
cstalihizhed wnequivacally. The anadvsis presented
here s confined to the 20 paticats with o definite
myocardial infarction The age and sex distribution
of these patients is shiown in Tuble 1.

Tapr L—rdge and Sex Dictributim of Patients
with Defiice Mycecardial Infarction

Age Malw Female
3539 1 4]
40-44 1 1
4549 B} )
50-h4 2 2
A543 1 }
.64 ! 1
604 fl 1)
TH-74 3 o
579 0 0
-k O 1
Tutal 14 f
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Findings

To simplify the analysis and presentation
of the findings, the data are shown in Table
2 in the furm of 2 X 2 contingency tables;
that is, tables which segregate the subjects
into 4 categories. Two of the categories
distinguish between the patients and the con-
trols, and the other 2 divide the subjects into
lower and higher levels of the trace elements
in the sera.

Nickel, molybdenum, and borou were
found to occur in significantly higher con-
centrations in the myocardial infarction pa-
tients thau in the controls. The data also
suggested an association with zine, No
significant differences between patients and
controls were seen with respect to serum
levels of silver, fead, mangauese, iron, silicon,
titanimm, and aluminum. Magnesivm was

excluded from the analysis, because mag-

nesium levels i all subjects were found to lie
in the range, 20-100 ppm. ‘This is a very wide
range, however, so that the mability of the
technique to measure the actual value may
ohscure an association if oue exists. ’
The most striking difference between the
infarction patients and controls was found in
serunt levels of nickel. In 19 of the 20 pa-
tients, the serum nickel concentration was in
the range, 0.3-2 ppm or higher. Among the
controls, only 4 were in this category. The
difference between the two groups is highly

sigmificant (P=0.0000022).* The normal

range of mckel levels in human plasma s
estimated to be 0.00 to 0.27 ppm.® Thas, all
but one of the infarction patients had abnor-
mally clevated nickel levels. <

A more detailed hreakdown of nickel levels
is presented in Table 3. In addition to the
data on the definite infarction cases, the talil.
shows the levels exhibited by the 2 patients
with coronary insufficiency and the 3 who
had a possible myocardial infarction: It is
noteworthy that nickel was not detectable in
cither case of coronary insufficiency. For one
of the infarction cases, 2 samples of blood
were sent (o us, 1 for each of 2 admissions.

* Probability valves were computed by Fisher's
exact treatment of 2 x 2 contingency tables,

ol. 6, Marech, 1963 &8



LT

TRACE METALS—-MYOCARDIAL INFARTION

TapLe 2~Levels of Cerfain Trace Metals in
Infarction 1

Total ND «2
B Ni MI 20 1
S Contruls 20 16
i Totul ND <10
o M1 2 &
I'&fo Contrels 20 18
' ND <005
Total t to 0.02-0.1
"B M 18 8
Caontrols 1% 15
ND <1to
Totak 15
T g MI 2 1
Coutrols 20 10
N <001
Totul ta 0.05-0.2
MI 20 13
Ag Controls 20 17
ND <1to
Total 9.5-2
i T MI 2 V7
b
bb Coitrols 20 20
ND <ito
Total 0.2-1
M1 20 15
Mn Coutrols 20 17
230 to
Total 5-25
¥ AMI 20 18
N Controls 20 19
0.21- to
Total 210
: o M1 2
. Controls 20 17
Ny <01
Total to0.2.1
MI 20 16
T Controls v} 17
ND <1t
Total 1-5
Al MI 20 13
Controls 2 12

*Two-talled hrol)al)nity coriputed by Fisher's exact treatment of 2X2 conting

0nhe2 1w

315

19
4

H.2-110
210

12

3
0.05-0,2
to 0.

1n

3
210 to
1575

6

1

0.10.5
1o 19-5

7

3
1-5 te
315

3

Q

0.5-2
10 2-10

3-15 to
10-50

2.1 to

525

RN

¥ Uihles,

s

Pet, 052

0 315

O]
0.0

Pet. 021
to 2.10

.0
10.0

Pet, 0.05-0.2
o]

55.6

16.7

Pet, 210
w155

0.0
50

Pet. 0.1-0.5
1o 1¢-50

Pet. 10-50

H
2.0

Pet. 315
10 1050

Pet. 052

0.0
JRRY]

Pet. 2ty

o &5

RERY
.0

¥ The samples of sera for 2 paticuls weve too sl tu prrisit o dotermination of horop Jevels,

&9 D'Alonzo-—Petl
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) Servt of Myocardial
‘otiends and Matched Contr,

P

10000022

0.035

P

€.001

Fid

>0.10

»

>>0.10

P

>0.10

>0.10
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>0.10

P
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Nickel Tescls in Serum of Heart

Disease Diitients and Matched Controls

All Poasible Definlte

kel Heart Caranry Myocurdind Myorardial

(ppamd Diseuse Controls  Iusufficieney  Confrols Tufaretion Controls Inlurctiou Controls
ND < 2 20 2 2 0 2 [ 18
N «2 2 0 [d 1] 1 0 1 ¢
052 2 i 0 ] 0 [ 2 1

1.5 3 2 G [ L} 1 8 1
2-1 11 1 0 0 2 0 it} 1
315 [t} 1 (] 0 0 0 0 1

Totul 25 25 4 2 3 3 20 20

On the first admission, the electrocardiogram
was equivocal; Imt on the second admission,
one month later. a diagnosis of myocardial
infarction was definitely established. Tt 15
interesting that no nickel was detected in the
blood drawn on the first admiszion, but a
level of 2-10 ppm was obtained from the
Bood drawn on his second admission when
there was no doubt that an infarction had
developed. The Jata we have on patients with
coronary heart diseinse without infarction,
although fragmentary, do suggest that high
nickel levels are associated with infarction
but nat with other manifestations of coronary
heart discase,

Less striking but significant differences
between paticats and controls were seen i
serwn levels of molybdenm and boron.
Dietectable amounts of molvbdenum were
found in 12 of the 20 infarction cases and
inonty 2 of the 20 controls {00022y In
2 infarction ciases, the blond samples were
too small to permit a determination of the
boron levels, Of the I8 infarction smmples
analvzed, 10 Jiowed hivh Tevels, whereas of
the 18 controle high levels were found in
only 3 017::0.035).

Comment

Althoueh we observed only asall sample
of infrretion patients andd controls, the dif -
ferences i oserun nickel Jevels between the
2 groups i~ ~o large and the prohahility of the
difference oveurring by chance alone so small
that Turther investivation of the role thal
pickel wight play in mivocandial infarction is
ca~ihy justitied

A funbsental question that s raised by
our observation< is whether the high levels

of serum nickel are a conscquence of infare-
tion or whether they are involved in the
processes that Jead to infarction. 1f the
former is true, it is possible that an enzyme
containing nickel is discharged into the serum
following an attack of myocardial infarction.
That high levels of nickel are normally pres-
ent in the cardiac muscle® suggest that
large amounts of nickel miay enter the blood
stream as a result of myocardial damage.
Under these circumstances, serum levels of
nickel may serve as a new dingnostic indicator
of acute myocardial infarction.

1i nickel is involved in the etiology of
infarction, its role may he that of precipitat-
ing a reaction on an atherosclerotic plaque.
There is also the possibility that nickel may
be involved i the clotting mechanism. 1t has
been shown that the chelating agent edetate
prolongs the prothrombin time.® This effect
is not due to the removal of calciun and
magnesiuny, even though both of these ions
are known to be involved in the cotiing
process. Nickel, however, is the metal which
tabilizes the Tabile factor: and the effect of
edetate on the prothrombin time arises from
its chelation of nickel. Theoretically, if a
chelating agent can be used to “chelate”
excess nickel, it may, thereby, have a place as
a preventive or therapeutic device. X

Ordinarily, serum levels of trace metals in
myocardial infarction are obtained after the
attack, but if these metals are involved in the
etivlogy of the disease it is essential that we
know what these levels were prior to the
attack. To determine wheihier certain metals
are a “risk factor” in myocardial infarction,
it i~ necessary 1o conduct a pmspcctive type

I’0l. 6, March, 1963 90
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study. In this kind of investigation, a cohort
consisting of a large number of healthy in-
dividuals, free of known coronary heart
disease, would be chosen for observition.
Trace metal concentrations in the serum
would be measured on each subject. Then,
the cohort would be ohserved for a specitied
period of time to measure the incidence of
myocardial infarction according to various
levels of the trace metals. Studies of this
type bave been conducted to determine the

_ relation of coronary heart disease o blood
" pressure, serum  cholesterol, body waght,
- -smoking - habits, alcohol consumption, and

physical activity. The addition of trace metals
to" the current list of risk factors is worth

" consideration.

o+ Summary

s Sem drawn from 20 hospital patients with-

in 24 hours after admission for myocardial
infarction’'and sera from 20 controls matched

to the patients by age anid sex were subjected

to spectrographic analysis to nicasure serum
levels of the following trace metals: nickel,
molyhdenum, boron, zine, silver, lead, man-
gancse, iron, magnesium, silicon, titanium,
and aluminum. :

“Nineteen of the 20 infarction patients, but
only 4 of the 20 controls, exhibited abnov-
mally high levels of serum nickel. The dif-
ference 1s highly significant. The infarction
patients also showed significantly higher
serum levels of snolybdenum and boron.
There was, in addition, a suggestion of higher
levels -of serum zinc in the patients. Dif-
ferences between the 2 groups in sermmn levels
of the other trace metals are well within the
lirnits of sampling crror.

Whether high levels of serum nickel are a
consequence  of myocardial infarction or
imvolved in its etiolopy is not known.
Lvidence has been cited (o support both
hypotheses.

We wish to cxﬁrcss our apprecintion to Sro M.
John Therese and Dr. J. W. Abhliss, of the St

91 IV Alonzo—Pell

Francis  mnd Menonal Hospitalss respectivey,
Wilnmington, Del, for supplving the blood serum
for the mvocardial infurction cases, and to My WL
KNonieeki, PSS o aur Mediead Division Lito-
vatory, who lowed sssistowee o this sty

The trace metad anmdases were done at the i
Pont Experinmental Station by Samuadd o Pord, BLS,
under the direction of Dirs [0 R0 Poter-on and .
AL Abraliamson,

Dr. A b Flemine, Medical Director, du Pont
Company, wive valnalde goidince i this study, and
we wish to both ackinowledge and oxtend apprecia-
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The Role and Potential Role of Trace
Verals in Disease

C. ANTHONY D’ALONZO. MDD, SIDNEY PELL, Ph.D,, and
ALLAN L FLEMING, M.D., Wilimington, Del.

~ovnoanreresy i the study of trace metals in orized, is brought forth in this bricf sommary.,

L disease, capeciadlyin heart discase, was  Many investigators helieve that metals may hold
cipitated by asseries of reports. incnding the  the kev Lo metabolic processes not now under-
b of D Tenry Seloeder of Varmont, who  stoed or understood only incompletely,

Lioted a Japanese study and of De JUNL Mo Many enzvmes, which are ssedified proteins,
ol England. all of whoin related water hards requive for theiv activity the presence of small
o 1o heart disease:* ! the studies of Do W, molecules which are heat stable These are

iin of Rochester, N. Y., who observed farge  called co-enzymes, Some of these are relatively

- ographic variations in death rates from cardio-  simple substances which have now been identi-
- wenlar disease, possibly associated with minor fied as metal jons, purticolarly magnesium. iron,
“aent deficiencics, especially vanadium and - zine, and copper. Others are thought to bemach
/e and the reports of Dr. G Lewis, also of  more complex organic molecules derived i
Eochester, NL Yo, which jndicated that vanadivm  muarily from vitamins, examples being pyridine
~oekers had significantivlower holestorol Tovels  nuelcotides which are formed from thiamine,
s those of controls.” 7 Tinadlv, the importance ribofavin, or nicotinumide. Heavy metals mav

Civce elements innaintaining health in plants act adversely by combining with free —S8I1
A animads i well known and still under inten-— gronps, thus denabving proteins and inactivat-
e investication.® ing enzymes. Some of these are highly selective
Ficure T, “Metals in Tlealth and Discase,” de-  and seem to have a particular affinity for certain
Sty summarized role of some of the various tissues or proteins. One metal can displace an-
ctals, Uis hecoming inercasinahy obvious that - other in « hiolocic svstem and inactivate it
Cetals are assuming a greater importance in the Approximately 700 enzyines have been iden-
sderstanding of bodilv functions, hoth in health tified i animals, plants, and microbes. but only
<1 disease. ahout 20 Lave been extensively studied in human
Ve vicls of actions, understood and the-sera Wity this in wmind. it is reasonable to be-
' Tiewe that additiond sbrdy and ivestication of
Pre 1 Alonn s Nssistanl Medical Director, Dr. Pt s these and other enzymes, particularly the metal-
,“:"l",”'\”m:f::}‘})i (]'h“]”r::” i Mvdical Director. 151 ](‘)on'/._\'m(‘x, mivht shed valuable information
~ihimiled for publication Ocl, 12,1962, about varions discase processes which are now
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cither poorly understood, or not understood at
all, .

Of the 60 elements found in living things, not
all are essential. Notable metals among this non-
essential group are gold, aluminum, fluorine, and
silicon.  Although the inclusion of Huorine in
this group may lead to some question hecause of
its established effect in the prevention of dental
caries, it would seem, however, that its inclnsion
is justificd becanse the body can subsist in an
otherwise normal state without fluorine. Actual-
Iv, we do not have accurate knowledee as to
which ¢lements are and are not essential, due to
the inadequacies of testing for trace metals. In
planning diets for these studies, a diet distortion
oceurs and other foodstulls are concomitantly
omitted.

The 1)]1_\’si0]0gi(-al need of sodium and potas-
sium in bodily Functions is so well known as to
need no review. Perhapsless well known and ap-
preciated, however, is the place of magnesivm in
health and disease, about 20 gm. ol which is the
average amount found in the human body, and
the progressive depletion of which leads to well-
deseribed signs and symptoms. See Table 1,

T has been said that magnesimn and caleinm
are swntagonistic " and it has even heen proposed
it vnoneshnnt For this reason <hondd be added
to table salt' on the supposition thal magnesium,
whicli somie heliove to be alien deficient in older

Fig. 1. Metals in health and disease.

people, may displace the caleinm deposite:!
atherosclerotie arcas. Magnesinm deticiency o
thought to be common in chronic aleobiolism
may he a factor in the causution of delihu
tretens,td 1

Previous studies of the biological function o
minerals have established well-known roles foo
such minerals as ivon, iodine, copper, cobalt, v
mohbdenum, and mangancese. More recenth
attention has been directed to the possible role o
rarer or less understood trace setals such
nickel, vanadium. sclenium, aluminum, rubid:
unt. cadmium, boron, cerium, and cesium.

Table 2 sumnuwizes brictly the possible friv.
tions of trace metals in the human body.

Tapre L. Were-Stennin Merannie loxs

Na
THE ROLE OF <\ND

K

1S WELL KNCWN.
BOTH ARE WIDELY
PRESENT IN FCOD.

LESS WELL KNOWN AND APPRECIATED IS MAGHNESIUM .

20 GRAMS, AVERAGE AM un’
FOUND IN BODY.

PROGRESSIVE DEPLETION {1V

Mg TO WLl DUSCRIBED 8L
SYNMPTOES .
— )
T Lo
Ca, SRATEO
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. Tanen 2. Trace Mizran Fuxerioss Figure 2 depicts in highly schematic torm the
‘ ¢ PART OF PROTEIN COMPLEX OF HORMONES AND slm(hlmlnl1lmn~|npu| he nu)«r]nhn, Tehlom
VITAMINS » plall The sinvilaity in schematic stuncture i

AND EFFECT CF Cu, Mg CH guite obvious, with the fundamental and ven

EXAMPLES 4 THYROID HOLUONE stight dilference being that hemoglobin contaias

COBALT - VIT. Bz within the formula the clement iron. whereas in

the (hlmuph\" structure, magnesium replaces

: iron.® It is-further revealing and important to

& ACTIVATION OR INACTIVATION OF ENZYMES note that another very vital material, namely
g (METALLO - ENZYMES ) vitamin B,.; also has snmhrlt\ to a lesser extent
in structure, and again one of the prime differ-
® FACILITATION AND EXCHANGE OF Oz AND CO2 ences being that cobalt assuimes the spot held in

the other t\\'o structures by iron or magnesiun.

e UNKNOWN ROLES The importance of this relattonslup is appreci-
ated by a consideration of the fact that here we
have three metals, namely iron, magnesinm, and

IRON AND MAGNESIUM cobalt, all concerned with the 10]0 of blood in

PLAY A SIMILAR ROLE IN HEMOGLOBIN (lef1) AND health and discase. Chlorophvll is essential in
CHLOROPHYLL,PARTIAL STRUCTURES OF WHICH the transport of oxvgen to the blood. One natu-
ARE SHOWN IN HIGHLY SCHEMATIC FORM.

rally wonders what other trace metals, the func-
tions of which are not understood, might likewise

¢ ¢ play an essential role in cell metabolism.
‘ The additional importance of iron in bodily
NN < N N health is appreciated by another study done by
N/ N\ / us which compares the frequency of elevated
¢ ko C c Mg c
AN <N

blood pressure by hemoglobin concentration

among 1584 men, 40-64 vears of age, as shown in
Fig. 3. There seems to be a stron o and significant
u,htlonehxp with the level of blood pressure and
the level of hemoglobin concentration.

;
\
|
\
; sysToLIC
E PER CENT 170 MM Hg OR MORE -
|
\
|
|
|
|
|
|
|
|

‘ HEMOGLOBIN ¢ 2 4 6 8 10
| tgm.) r T T T T 1
UNDER 130 [ ]
L S
13.0 - 13.9 | 1
140 - 148 | ]
E ' 15.0 - 159 | l
I6OBOVER | B .
"DIASTOLIC
PER CENT 100 MM Hg OR MORE
0 3 s 9. 12
I 1 ] ] ]
UNDER 13.0 | 1
3.0 - 139 | !
' e e
14.0 - 149 | 7
b e
5.0 - 159 | | ] N
I6.OBOVER | - S 1

Fig. 3. Frequency of clevated hl(m(l pressure lw hemoglobin u)n(cnh‘.lllou
among 1581 men 40-64 years of age.

i
i
1
i
1
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Tasre 3. MEean Seruat LEVELS or Soptoag, Porassivan, Macxeston, axn Carciuat
AMONG Mex wrrn Crawerax Cunoste Dispases

NO. MEAN (mg. %)

CASES SODIUM |POTASSIUM[MAGNESIUM| CALCIUM

ALL PERSONS 1,573 321.9 8.5 2.02 10.08

MYOCARDIAL INFARCTION - 33 322.0 18.2 2.00 10.10

HYPERTENSION 224 323.0 18.4 2.03 10.16

PEPTIC ULCER 20 317.0 18.5 2005 9.93
GALL BLADDER DISEASE 41 323.0 19.0 2.08 10.33%

DIABETES 8 321.7 18.7 2.03 9.97

ARTHRITIS 75 323.1 18.8 2.02 10.11

: CATARACTS 18 324.4 19.3 2.12 10. 42

* DIFFERENCE FROM MEAN FOR ALL PERSONS SIGNIFICANT AT .05 LEVEL.

TasLE 4. History oF CALLBLADDER DISEASE—
Carciunr LEvrLs

UNDER 9.0 ]
9.0 - 9.2 ]

9.3 — 9.5 5

9.6 - 9.8 6

9.9 -10.1 6

10.2 - 10.4 9
10.5 - 10.7 0
10.8 -11,0 3
1. -11.3 2
11.4-11.8 6
1.7 + 2
a

NORMAL RANGE 8.7 -11.5

On the other hand, the mean scrum levels of
sodium, potassium, maguesium, and calcium
among men with certain diseases, as shown in
Table 3, indicates a lesser significance between
thesc metals and the discases studied.

Perhaps when one has the opportunity to
study these same diseases and the relationships
thercto with some of the rarer inctals not previ-
ously investigated, a more definite association
may be found.

The frequency distribution of the calecium
levels among 41 persons with a history of gall-
bladder discase (Table 4) shows a relatively
laree number of persons at the upper end of the
distribution.  Altoush the wnnbers are simall,
they do sugeest some relatiomship between cal-
ciumand gallbladder discase.

In a previowsly reported study, Schiroeder
has indicated the variation in mineral excrelion
in the urine of hypertensive individuals. These

TabLE 5. Huavax Urine oF
Hypernressives®
® INCREASED AMOUNTS OF :

Zn - V - Ni
Mn -~ Pb-Sn
® A FORTYFOLD INCREASE IN:
-— Cd -
© NORMAL AMOUNTS OF .
Mo - Cr
Ti - Ag

* { AFTER SCHROEDER, M.A. , POSSIBLE RELATIONSHIPS BETWEEN
TRACE METALS AND CHRONIC OISEASE ; METAL - BINDING IN MEDICINE |
SEVEN ,M.J. AND JONNSON , L.A.,J.P.LIPPINCOTT €0, PHILA,,
PA,9.63)

results are reproduced in sununary fornin T able
5.

There is no explanation now available for thes:
findings.

In another studv now nearing completion and
publication, we have found signilicunt statisti-
cal relutionship between the level of nickel
molyhdenum, and zine, in that order. in the
blood serum of acute myvocardial infarction
cases when compared to a group of matehed con-
trols. ‘

Figure -4 depicts in sunmary form some of th
mineral studies which stimnlated our interest &
the possible role of trace melals in the prmln:'
ton of novocnrdinl infocton s 0

Wewere primnavihy losking mto zinesdoc tot
work of Vallee ™ amd wire woneos b s
From the vesaiis which ingioalad o posasibie oo
nection hetween e sermn Tevel of nickell o
Whdenun, and boron. Fables 6 and 7 dept”
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' RECIPROCAL RELATIONSHIP OF
CA AND 1iG. IN MG DEFICIENCY
CAS IHCUTASED IN THRD KIANTY ;
MUSCLE. FROM 50-100%, AND -
AS RUCH AS 15~ FOLD IN THE
KIDAEY. SUCGESTION HAS BEEN
MADE TO ADD MG TO TABLE SALT,
{ JAMA 3710762}

ROLE OF VANADIUM IN = . _.
CHOLESTEROL LEVELS IN  {

HUMANS , AND ABILITY TO i
REVERSE ATHEROSCLEROSIS
IN LAB. ANIMALS, .

DALONZO ET AL, T 75

DR.G.GRIFFITH'S STUDY OF MN,
HEART MUSCLE HAS 2,000 TIMES
THE 434 CONCENTRATION OF BLOOD
SERUM. AFTER AN ATTACK OF
CORONARY THROMBOSIS | THE

* . HEART MUSCLE LOSES 70 % OF

ITS MN, AND THE BLOOD SERUM
CONCENTRATION RISES 250 %.

A STATISTICALLY SIGNIFICANT
DECREASE IN SERUM ZINC HAS
N ALSO BEEN OBSERVED IN MYO-
CARDIAL INFARCTION . 1T
ACCOMPANIES CHANGES IN A
VARIETY OF ENZYMES ACTIVITIES
AND AN INCREASE IN COPPER
CONCENTRATION.,

Fig. 4. Trace metals and heart disease. Nickel levels in our own study.

TasLE 6. LEVELS oF CERTAIN TRACE METALS IN SERUM OF MYOCARDIAL INFARCTION PATIENTS AND
MAaTrcuen ControLs

Serum levels in ppm
’ 05-2 to | Pct. 0.5-2 "
Totgal ND < 2 3-15 to 3-15 P
Y 20 | I9 95.0
g i Controls | 20 16 a 20.0 -0000022
0.2-1 to Pct. 0.2-1
o Total ND <1.0 2-10 t02-10 p*
Y 20 8 12 60.0
i Controls 20 I8 2 10.0 -0022
ND <0.05 | 0.05-0.2 |Pct. 0.06-0.2
Total®* | to 0.02-0.1 to 0.2-1 to 0.2-1 p*
Mi ) 8 10 55.6
. Controls 18 15 3 16.7 -035
ND < | to 2-10 to Pct. 2-10
) Total I-5 15-75 to 15-75 p*
M 20 14 6 30.0 081
! j Controis 20 19 i 5.0 .

*Two-tailed probability computed by Fisher's exact treatment of 2 x 2 contingency tobles.
*%The somples of sera for two potients were too small to permit o determination

of boron levels,

wese in summary form. Table 8 gives the age

s sex distribution of these cases.

The results obtained by studying the serum

el determinations prompted us to review the

~wible functions and data on nickel to better

“derstand these results.® 21 Table 9 gives in

~uniary form some data on nickel, which bear

“wsible relationship to this study.

e were then curious to see what, if any, stud-
~vre done onnickel determinalions in various
“\. Schoeder et al® reported in 1961 an
disis of the nickel content in various foods,

which we reproduce in summary form, particu-
larly with the foods or agents having the highest
nickel content. These are to be found in Tables
10 and 11.

One naturally will wonder whether it might
possibly be the nickel in hydrogenated fats, ra-
ther than the relationship of saturated to un-
saturated fats, per se, in this respect, which is
the etiological agent, or a precipitating factor,
in the production of myocardial infarction.

Nickel is said to be one of the relatively non-
toxic trace metals which are found in the tissucs
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TapLe 7. NICKEL LEVELS IN SERUM OF 1leant Diseasy PATIENTS AND Marenep CoONTROLS

All - Pocciile Dofinite
Nicke! | Heort Coronory tAyocardiol tAyocardiol
{ ppm} | Diseoss Controls |Insutficiency Controls |nfarption Controls] Inforction Conirols
ND <! 2 20 2 2 0 2 0 16
ND <2 2 0 o 0 ! o { o)
0.5-2 2 I o o] o 0 2 {
-5 8 2 0 o o | 8 i
2-10 1 { 0 ] 2 [0 9 i
3-15 o i 0 0O o o 0o {
Totol 25 25 2 2 3 3 20 20

TasLE 8. AGE AND Sex DISTRIBUTION OF PaTieNTs WITH DEFINITE MYOCARPIAL

INFARCTION
AGE MALE FEMALE
35 - 39 ] 0
40 - 44 —|— 3 1
45 — 49 3 0
50 - 54 — 1 2 2
55 -~ 59 1 i
60 - 64 — 1 i 1
65 - 69 0 o)
70 - 74 —— 3 0
75 - 79 0 0
80 - 84 = 0 L |
TOTAL 14 6
of man, and in this respect vanking, wilh the os- determine sane. Nickel is quite an R
sentind clements, iron, cobalt. copper. and zine” metal. but its (-(wnn‘unmds are selive phasi
fts phe -:iw‘.u;gicu] yole, il any, Tits niot heen detin- caliv, Nichel ray he i fonede fro b
eated: but it has been savidd n-p(-ulvdl_\' (hat theve  similar Feaetively Lo the simplon fro g

has never really been a concerted effort madce lo cmnpounds. Nickel is thought Lo Ly e SOt
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A reciprocal relationship with cobalt and is a
al which deserves more elinieal sty
studies  dudicate that the chel. llinff agent
CPTA lnulon"s the pmlhu)mhm time.S It has
*en shown that this eflect is ol Jdue to the re-
-nal of caleivm and niagnesivm, even though
.'(h ol these ions are l\nm\ nto beinvolved in (hc
‘!nmng process. Nickel, however, is the metal
which stabilizes the labile factor, and the effect
of EDTA on the prothrombin time arises from its
dwl.ltion of nickel.

The process of chelation in general is nicely
diagrammed by Dr. G. H. Berryman of Abboft
1 .xl»matones and reproduced in Fw 5.

There are at least three poqmble them ies to ex-
plain the action of trace metals in general. These
ure found in Table 12.

IDALONZO ET AL,

I's
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Taurk 9. Data ox NICKEL

A HIGH CONCENTRATION OF NICKEL 1S FOUND IN HfanT
MUSCLE, LUNG , BLADDER , SMALL BOWEL .

MICKEL MAY BE FOUND IN PLASMA AND R.B.C.'S. THE
MEAN PLASMA LEVEL OF NICKEL 1S REPORTED TO BE
0.00-0.27 P.P.M. (IN ONE STUDY ONLY.Il OF 109 SAMPLES
FAILED TO SHOW NICKEL .}

IN VITR-O NICKEL ACTIVATES ARGINASE ,CARBOXYLASE
AND TRYPSIN. IT MAY INHIBIT ACID PHOSPHATASE.

NICKEL BEARS A CLOSE PHYSICAL AND CHEMICAL
RELATIONSHIP TO CO.

AN ORDINARY DIET MAY SUPPLY 0.3- OSMQ OF NICKEL
PER DAY,

AN ESSENTIAL FUNCTYION OF NICKEL HAS NOT YET BEEN
DEMONSTRATED , BUT NEITHER HAS A SERIOUS EFFORT
BEEN MADE TO FIND ONE.

TasLE 10. Axtount oF NIckeL Ix Various Foops®

MICROGRAMS
_PER GRAM
CONDIMENTS:  BAKING POWDER 13.40
BLACK PEPPER 3.93
TABLE SALT 0.35
[ ]
FLUIDS : TEA , ORANGE PEKOE " 7.60
COCOA 5.00
CIDER 550 /L
BEER , CANNED 1o/t
MINERAL WATER, BOTTLED , ARKANSAS 12.5/1
MISCELLANEOUS : GELATIN 4.50

* (FROM SHROEDER » BALASSA, ARD TIPTON , J.CHR. DIS., VOL. |5, pp. 51 - 65,1961. )

TasLE 11. AMounT OF NIckEL IN Various Foops®

MICROGRAMS
PER GRAM
GRAINS : BUCKWHEAT , SEED 6.45
WHEATIES 3.00
RYE, SEED 2.70
. OATS , SEED 2.60
[ OATS , PRECOOKED , QUICK 2.35
- RICE, JAPANESE , UNPOLISHED 1.80 .
VEGETABLE SHORTENING, HYDROGENATED 1.14
VEGETABLES : BEANS, RED KIONEY , DRIED 2.59
BEET GREENS 1.94
PEAS, SPLIT, DRIED 1.66
BEANS, NAVY , DRIED 1.59
LETTUCE, GARDEN , ORGANIC .14
KALE , ORGANIC R a2
SEA FOOD KIPPERED HERRING , CANNED I 1.70
OYSTERS ,FRESH _ i.50

* (FROM SHROEDER, BALASSA, AND TIPTON, J.CHR. DIS., VOL. I15,pp. 51-65,1961.)
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CHELATING AGENT METALLIC 10N

{Di NeEDTA)

NaQOC CH, CH,COONa .
KCH2CHaN 4+ Me(Cu' Zn* Co",
\ o Mg™,Fo™  Ni “, etc.)
HOOC CHp CHpCOO0H :
METAL IS
CHELATE gé-lONllEo
. ACTIVATED
CHy——CHa .. “SEQUESTERED"
NeOOCH,C CHoCOONa
CLOSED RING Ny w7 %
STRUCTURE PANAN
LN
/c--o o-.c\
0 (]

Fig. 5. (Courtesy of Dr. G. H. Bcrrym:m, Abbott
Laboratorics. )

TABIJ:. 12. Tuneg PossisLe Tiieonies 10 EXPLAIN
Actiox oF TRACE METALS

® MAY ACT AS CATALYSTS IN VARIOUS
ENZYME SYSTEMS.

® AN EXCESS OR DEFICIENCY MAY ALTER
NORMAL ENZYMATIC PROCESSES.

® NECESSITY OF SPECIFIC METALS IN
NORMAL ENZYME SYSTEMS , AND THE
EFFECT OF DISPLACEMENT BY OTHER
TRACE METALS.

Table 13 contains in summary form some of
the questxons raised as a result of the serum nickel
findings in our study.

The question might logically be asked whether
or not trace mctals may in some way be related
to normal or abnormal ‘cholesterol sy ‘nthesis, and
to the formation of atherosclerotic plaques. Itis

Journal of
Occupaﬁonal Medieing

posslblc that lhcsc trace metals may act as cata-
Ivsts in various enzyme systems, and their rela-
five deficiencey or excess or propoitions iy ia
some way be Yelated to altering enzymatic proc-
esses, One metal may chelate mothc and alter
enzvime or catalytic svstems to the degree that
abnormal ph\’sxolomca] reactions result. Tt is sug-
gested that ‘cholesterol synthesis might be .1[-
fcctcd in some such fashion.

It may well be that metalloenzyvmes will play a
role in medicine in the future which is compara-
ble to that of the vitamins 25 vears ago, and it
is logical to consider that theré may be 1 many dis-

eases of obscure etiology which will find “their
solution in the unrav c]mfr of the mysteries and
the interchange of mehls which are concerned
with the met'ﬂloenz\ me systems or co-cnzyvme
systems within the human body. ’

It would be highly desirable to do nickel de-
terminations on a hx ge enough group of patients
or individuals and studv these mdn iduals over a
period of time to ascer tain whether those individ-
uals with a high, or relatively high, nickel con-
tent micht ])c more pr (\d!spmod to mvocardial
infarction than individuals with a neﬂ]uthle
amount of nickel or no nickel at all in their serum.
The significance of the level and duration of
serum mcLel deserves a detailed study. It hasnot
vet been determined whether eatmn’ a good deal
of foodstuffs with a high nickel contcnt could
conceivably pr cc1pltate an attack of mvocardial
infarction, or whether the change needs to occur,
if at all, in the long continued in rreshon of niekel-
containing materials over a suff ucntl\ long pe-
riod of tlme to give one a high amount of nickel

TasLE 13, QUESTIONS RAISED AS A RESCLT OF THE SERUM NICKEL Fixpixes

IS THE FINDING OF SERUM NICKEL AN 1SOLATED AND INTERESTING
FINDING OF NO ETIOLOGICAL SIGNIFICANCE ?

IS THE NICKEL DETECTED THAT NICKEL WHICH IS RELEASED INTO THE
SERUM AS A RESULT OF AN ENZYME CONTAINING NICKEL BEING DISCHARGED
INTO THE SERUM AFTER AN ATTACK OF MYOCARDIAL INFARCTION 7

IF (2) 1S CORRECT, THESE FINDINGS , WITH REFINEMENTS , MAY POSSIBLY
SUGGEST A NEW DIAGNOSTIC TEST FOR THE DETECTION OF AN ACUTE

'MYOCARDIAL IHFARCTION.

MIGHT THE PRESENCE OF "EXCESS® NICKEL IN THE SERUM, REGARDLESS
OF ITS SOURCE , PRECIPITATE A REACTION OMN AN ATHEROSCLEROTIC
PLAQUE TO CAUSE A MYOCARDIAL INFARCTION ?

IS THERE POSSIBLY ANOTHER METAL OF ETIOLOGICAL SIGNIFICANCE
WHICH 1S CHELATED BY A NICKEL COMPOUND, WITH THE SUGSTQUENT
RELEASE OF NICKEL INTO THE SERUM AFTER cBELATION ?

IF THE DETECTION AMD ANOUNT OF NICKEL IS OF SI\’T..?F[CANCE , BUT IN
AN U SHRIANIITR MIGHT THT U E CF A CHELS T TOCCHELATE®

THE EXCES& NICKEL OFP&R A THERAPEUTIC OR Fittveni e POSSIILITY. ?
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- the serun. Nor can one slate with certainty
Sthier or not the Tigh wickel content of the
< e i the individuals with coronary throm-
Ceiswas present hefore the attack. Studies cor-
+iinly should be designed to answer these ques-
s with certainty. The magnitude of the myo-
cardial infarction problem, particularly as con-
.erns industry in general, is such that these
points should be adequately studied.

Summary

A review is made of background literature per-
taining to the roles of metals in disease in general
and in acute myocardial infarction in particular.
In this study, the levels of serum nickel, molyb-
Jdenum, and boron are all elevated in a group of
mvocardial infarction cases compared to con-
trols. Nickel was the metal which showed the
most significant elevation.

A bricf discussion is given of enzymes, particu-

larl: metalloenzymes, and their potential rela-

tionship to disease.

The schematic similarity of chemical structure,
save for the particular metal involved, is noted
for chlorophvll (Mg), hemoglobin (Fe), and
vitamin B,, (Co).

A relationship of blood-pressure levels to he-
moglobin concentration is noted. There also
seems to be a relationship between the serum cal-
cium level and gallbladder disease.

The potential meaning of the results is dis-
cussed.
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CSTUDIES ON THE EFFECT OF METALLIC SALTS ON ACID
' PRODUCTION IX SALIVA, 1 '
Jo 0 FORBES AND L Do SMITH

manMMOfBMMme:md(MmMm.MMMNFWmlW'Hmmm,mwmwml%

T IS generally believed that the produection of acid by the action of micro-
organising on fermentable carbobhydrates in the mouth is o dominant factor
in the development of dental caries. Conscquently, a great deal of work has
been done during the last few years in an effort to obtain a substanee which
would prevent or at least retard the rate of acil formation, and which coukl
be used without danier of toxie reactions. Among the substances which have
been recommended are urea.* ammonium sals vitamin K,* quartenary
ammonium salts,® and penieillin.®
At this time we wish to report on the marked inhibitory action o several
metallic salts, especially those of copper and nickel, on the produection ot acid
by saliva eontaining either glucose or suerose.  Saliva was collected by parattin
stimuldtion and sucrose added to give a d per cent concentration.  Aliguots
were then transferred to test tubes and various amounts of a solution of the
salt being studied were added to alf but the contrul tubes. All were then
made up to the same vilume by the addition of the necessary amount of water.
The copper salts, which are insoluble in water, were dissolved in o small
amount of 5 per cent monoethanolamine and then diluted with 9 volumes of
water. . The maximum amount of this solution adided to 9 ml of the saliva-
sucrose solution was 1 ml., thus making a tinal maximum monocthanolanmine
concentration of only 0.05 per cent. The control tubes of these experiments
contained an amount of moenoethanolamine equal to the maximum present in
the experimental tubes. Al tubes were incubated at 377 €. and their pli
values were determined with a Beckman pll meter at intervals thevealter.
A number of determinations were run on each campound and the resuits ab-
tained were in general agreement: however, in order to conserve space, the
results of only one experiment per compoumd wre reported. Glueose was sih-

stituted for suerose in a few experiments aud compavable resulls were ob-
tained. A number of other copper salts besides those reported in
been been studied and all showed the same general inhibition when eompared

)

Fable 1 have

at the same copper level. These included copper butyrate, caprylate. oleate,

stearate, 9-hendecynoate, 2-dodeeynoate. salieylate, benzoate, mandelate, cin- .

namate, and ethyl acetoacetate,

It will be seen from the results that a copper eoncentration of 3 to 4 mg.
per 100 ml. of saliva was sufticient to completely prevent aeid formation, while
a concentration of 0.25 mg. per 100 ml gave fairly marked inhibition, Un-

Received for publication, Jume 13, 1951,

126

B

v VAL 2N

v A

ek e - s

193



prey

AR i

Ea i L R S G LI LRl BNPE Sl

130 - FORBES AND SMITH

J. D: Res,
Februacy, 1952

Tasry |
Frreer oF CorreEr SArTs Uron Xetn PRODECTION IN SALIVA

TIME OF (‘u\( I-‘\'IIM1 lu\ np

INCUBATION L ' l 0.5 ' 08y
(HRS.) | (piy ) (,.u i (pu) (piy | (pin) | (pnr) (pu) SUBSTANCE USED -

. T T3 7.6 6.3 B2 47 4.3 Copper acetate

18 .7 7.6 7.5 4.5 4.4 4.4 3.9

24 - 7.6 7.3 6.3 5.7 5.0 4.3 Copper propionate

58 - T 6.0 4.5 4.4 4.3 3.8

24 - sS4 8.2 6.9 6.2 4.9 4.5 Copper laurate®

48 - 5.4 8.1 5.3 4.9 4.6 4.0 o

24 7.3 7.4 7.3 6.2 5.3 4.9 44 Copper salicylate

48 7.8 7. 6.8 5.1 4.6 44 4.1

22 iy 7.7 7.6 6.3 5.2 4.8 4.3 Copper sulfate

48 .8 7.8 5.4 4.4 4.2 4.2 3.8 . ) '

24 .5 7.3 .2 6.2 5.1 4.9 4.4 Copper chloride

48 T .0 7.0 4.7 4.4 4.3 4.1

24 N 7.0 6.9 5.6 5.2 4.7 4.2 Copper saccharinate

48 8.1 w4 6.1 4.5 +.5 4.3 3.8

‘Thl% was ‘l|~1nl\ml in a weak solution of monoethanolamine,

recorded experiments with several eopper salts showed that concentrations as
low as 0.1 mg. of copper per 100 ml. exerted demonstrable inhibitory action,
the effeet heing especially evident during the first 24 hours of incubation.

Nickel salts have also been studied rather extensively and found to be

‘in general almost as active ax copper salts. A few of these results along with

some obtained on other metals are shown in Table II. It will be seen that
silver, gold, and mercury salts ave quite active, comparing favorably to cop-
per and nickel. Magnesium, cobalt, manganese, aluminum, iron, and chromic
salts were found to have little or no aetivity. Platinum and palladium showed
maoderate activity. heing superior to zine hut helow that of ecopper.

The results indieate that the inhibitory effeet on aeid produetion is
primarily a funetion of the metal content. It is, however, possible that some
metal derivative may be found in which this is not the case.

Taste 11
Errecr oF Vakiors Merarnie 8anrs UroN Acip PRopirerioN 1IN SALIVA

INTHATION TAL \m /100 ML,

B UONCEXS
INCUBATION 6 ! +4 2 1 0
{ HES.) boipny {(pH).  (pir) . (pH} {pH) SUBSTANCE USED
Tag T T e T 6T T s 11 Nickel propionate
a1 A 1% 5.5 4.9 KR
24 7.2 ‘74 T 7.2 4.2 Nickel chloride
48 <0 &1 8.0 6.1 4.0
24 T3 74 7.4 6.7 4.4 Nickel iodide
50 76 7.5 7.3 3.3 4.0 .
24 T 7.8 7.6 7.3 4.2 Silver nitrate
48 S 8.1 g1 b | 4.0
RE] G 74 74 6.8 4.5 Gold chloride
43 7.3 6.0 6.5 fi.l) 4.1 ' .
22 N .8 T4 7.2 4.5 Mercurie chloride
43 .9 s Tt 6.8 4.1 *
24 5 a0 1.5 4.2 4.2 Zinc sulfate
A8 1.7 4.5 1.2 0 3.9
R4 4.5 4.5 1.5 4.5 4.5 Magnesium chloride
o 1.2 4.2 42 4.2 1.1
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Number §
SUMMARY

The effect of various metallic salts upon ackl produetion in salbve con-
taining sucrose has lheen stwdied.  Copper. nickel, gold, silver, and wercury
salts exerted the greatest inhibitory action on aeid produetion. Magnesiti,
cobalt, manganese, aluminin, iron, and chromie salts showad little or no ae-
tivity. Copper at a concentration of .25 mg, per 100wl of saliva cofaining
sucrose definitely inhibited acild formation while a concentration of 3 to 4 my.
‘per 100 ml. of saliva caused complete inhibition of acid produetion,
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STUDIES ON TIIE EFFECT OF METALLIC SALTS ON )
ACID PRODUCTION IN SALIVA. ."' o

R J. C. FORBES AND J.'D. SMITH ,
N ‘\ . . N R
- Departments of Biochemistry and Chemistry, Mediqal College of Virginia, Eichmond, }fq. )

N THE first paper of this series we have reported the marked inhibitory
action of various metalli¢ salts, including those of copper and nickel, on the
formation of acid in saliva containing either glucose or sucrose.! The present
_ study deals with (a) the effect of washing the mouth and brushing the teeth
| ' with an aqueous solution of these agents on the production of acid by subsequent
b © saliva collections after addition of sucrose and incubation at 37° C., and (b) the
apparent. bactericidal action of copper and nickel salts on the acidogenic organ-
isms in saliva. : '

EXPERIMENTAL

Effect of Mouth Washing and Teeth Brushing.—These results are divided
into two sections: (a) The effeet of a single brushing and washing with the
inhibitor solution; (b) the effect of repeated brushings and washings. In the
first case saliva was colleeted with paraftin stimulation in the morning after
. reaching the laboratory, then the mouth was washed with some brushing of
‘ . the teeth for approximately 5 minutes using three separate portions of the

" inhibitor solution. After an additional 3 minutes, the mouth was washed with
.- water several times so as to remove the excess inhibitor, Saliva was collected
“ at intervals thereafter in the usual way during a 3-hour period. Sucrose was
added to all the tubes so as to give approximately a 5 per cent concentration
" and the tubes were incubated at 37° (. for 24 hours. Several studies were run
with each inhibitor and the results obtained were always in good general agree-
ment. The averages of the varions ‘experiments in each series are shown in
Figs. 1 and 2. Tt will be seen from Fig. 1 that a single washing and brushing
with a copper solution of only 0.0035 M (22 mg. per 100 milliliters) exerted
an effect for at least 3 hours. A 0.01 M (63 mg. per 100 milliliters) solution
as shown in Fig. 2 is still more effective.” C'opper chloride was found to have
a greater activity than nickel chlovide. We have found this to be the general
tendency among the various copper and nickel salts studied, although the
differences were not always pronouneed.  Studies with copper concentrations of
0.0015 M (9.5 mg. per 100 milliliters) showed good inhihition of aeid production
but the effect did not usually last as long as 3 hours. However, the duration of
effect is considerably prolonged if the first saliva collection is postponed for
several hours. This may he due to the mechanical removal during the saliva
collection of inhibitor which had been adsorbed or chemically combined with
organie matter in the mouth. :

Recelved for publication, June 13, 1951,
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h‘[frd of Repealed Washings and Brushings—The purpose of this experi-
ment was to determine it mouth washing as already deseribed would reduce the
concettration of the acidogenic organisms of the saliva over a 24 hour period,
as measured by the amount of acid produced when the saliva was incubated
with suerose. Saliva colleetions were made at approximately 7:30 a.M., 12 noon,
6 ro, and 11 ro. Breaktast was avound 7:45, luneh at 12:30, and dinner at
6:30.  The mouth was washed shortly after each meal and at 11:10 p.y., just
before retiring.  During the contred period at the heginning of the experiment,
the tecth were brushed and mouth washed with water instead of with the
inhibitor solution.  The samples colleeted at 6 v.v., 11 vy, and 7:30 .M. were
kept until the 12 noon colleetion when sucrose was added to all and the tubes
ineubated together for 23 hours.  Tests have shown that the pH reached by un-
treated saliva after addition of either glucose or sucrose was not measurably
affected by the saliva standing at room temperature for 24 Nours prior to addi-
tion of the sugar and incubation. It will be seen from the results which are
recorded in Fig. 3 that the teeth hiushing and mouth washing cither caused a
marked reduction in the number of acidogenie organisms in the mouth or’
reduced in some other way their acid-produeing potential.

Bactericidal Studics.—A large amount of saliva was. eollected in the usual
manner, thoroughly mixed and 10 ml portions weve transferred to sterilized

50 ml. centrifuge tubes, care being taken not to get the saliva on the side of

the tubes.  Aliguots of a standard solution of the inhibitor were added to give
the desived inhibitor coneentration and the contents were mixed by gentle
tapping. After varvious periods of time, 0.5 ml. of the treated saliva was
transferred with sterile preeautions to a culture tube. Control tubes were
similarly prepared using 0.5 ml of the same saliva without inhibitor. The.
tubes were then incubated at 37° (. for the specified period of time after which
their pH was measured with a Beckman pIl meter. The culture tubes were
prepared as follows: Saliva was eolleeted with paraffin stimulation and suerose
ddded to make a 5 per eent solution. Aliquots of 9.5 ml were transferred to
test tubes, plugged with cotton and sterilized at 15 pounds pressure for 15

TABLE 1

BACTEKICIDAL, ACTION oF COPPER AND NICKFL CHLORIDE ON THE ACIDOGENIC
ORGANISMS IN SALIVA

DURATION CONCENTRATION OF INHIBITOR TIMES 10-3 M
OoF i
INCUBATION 2.0 1.5 1.0 0 TIME SALIVA IN CONTACT
{HOURS) (pn) (pH) (p1t) (pir) WITH INHIBITOR
- 48 - 6.8 4.6 4.5 NiCl, for 15 minutes
448 : 7.9 4.7 4.4 As above for 1 hour
48 _— 8.0 6.5 4.3 As above for 23 hours
48 5, b.1 4.7 44 . As above for 15 minutes
44 5.9 5.1 4.7 4.4 As above for 1 hour
48 7.4 5.2 4.4 As above for 24 hours
48 - 4.9 4.9 4.5 CuCl, for 15 minutes
48 - 4.8 4.9 4.4 As ahove for 1 hour
48 — 7.9 8.0 4.3 Ax above for 23 hours
48 | 6.9 6.1 4.9 44 As above for 15 minutes
48 8.0 4.9 5.0 4.4 As above for 1 hour
48 8.0 5.3 6.9 4.4 As nhove for 24 hours
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minules. A few of the experimental results are shown in Tables T and II. It i
will be seen from Table T that a concentration of 0.002 M of nickel or copper f
chloride either destroyed the acidogenic organisms or completely inhibited in |
some other way their acid-producing power when exposed to it for ahout 24 :
. - . - . . . '
hours. Even an exposure of 15 minutes vesulted in the apparent destruetion of
: many of the organisms. 1t should be noted that the maximum concentration
“of inhibitor in any of the culture tubes was only 0.0001 M (0.63 mg. per 100
milliliters in the ease of copper). As reported in Part 1 of this study, this
eoncentration although exerting a distinet inhibitory effeet on acid formation
X is well helow that necessary for complete inhibition.! Results obtained with S
eopper laurate dissolved in tricthanolamine are shown in Table 1I. The results '
: TasLe II » ’
BACTERICIDAL ACTION OF CoPPER LAURATE-TRIETHANOLAMINE SOLUTION OF THE ' :
- - ’ _ ACIDOGENIC BACTERIA IN SALIVA ! '
o . . : '; » ’r
CONCENTRATION OF INHIBITOR TIMES 10-3 M. \ . L
DURATION' - ' TIME SALIVA R
‘ : OF : , IN CONTACT L ?
INCUBATION 1.72 .86 43 17 0 WITH b
(HOURS) (pH) (pn) {pn) “(pH) (pH) INHIBITOR !
.3 : 47 8.0 5.8 . 5.3 4.6 4.1 70 minutes . !
48 7.8 5.9 5.0 . 4.9 43 27 hours : '
- 47 7.7 4.7 4.5 4.5 4.1 70 minutes
48 8.0 5.2 4.9 4.8 4.3 27 hours N
48 7.6 5.6 4.8 4.8 - 41 1 hour
72 7.9 7.9 7.6 4.7 4.2 24 hours -
96 5.4 5.0 45 - 4.0 4.0 1 hour =
Ceg 8.3 8.1 4.9 4.0 3.8 48 hours "
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on the whole are roughly comparable to those obtained with copper chloride.
The maximum ambunt of triethanolamine present in the culture tubes was only
0.02 per cent, consequently neutralization of acid by this base cannot be
responsible for the ahsence of a drop in the pH of the tubes which had been

inoculated with saliva exposed to the higher concentration of inhibitor. The °

minimum concentration of inhibitor necessary for apparent destruction of the
organisms during a 24 hour cxposure varied slightly in different experiments.
T]ns difference may be due to variations in the number of orgdmsms and the
amount of proteinaceous material in the saliva.

All of the copper compounds, which have been tested, have a metalllo taste
and their continued use four times a day as a mouthwash in the higher con-
centrations cause a dark deposit along the longitudinal fissure of the tongue.
This deposit, however, disappears in a lew days after the mouth washing is
discontinued. The saccharinate has the most pleasant taste of all the copper
salts thus fap tested and move work is heing carried out with this preparation.

SUMMARY
Data have been presented showing that when the mouth is washed and the
teeth, brushed with an aqueous solution of a copper or nickel salt, there is
marked reduction in the amount of acid produced in saliva samples collected
over the next few hours. This effect can he maintained over a 24-hour period
if the brushing and washing are repeated after each menl and again shortly
before retiring. . Copper or nickel concentrations of 0.002 M appavently destroy
the acidogenic organisms of saliva if they are exposed o it for.as long as 24
hours.
' REFERENCE
1. Forbes, J. C., and Smith, J. D.: J. D), Res. 312 120, 1951, (This isxue,)
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‘ﬁ) :/& ALLERGY TO CHROMIUM, NICKEL AND COBALT

Patients with allergic eczematous contact
dermatitis due to metals are often allergic
to more than one metal. This has prompted
speculation on cross sensitivity, especially
between chromium, nickel and cobalt (g).
Judging from recent investigations co-exist-
ing allergy to these metals is not due to
cross sensitisation, but to the occurrence of
several allergenic metals in sensitising ob-
jects (1, 9, 13, 15). For example, traces of
chromium and cobalt in cement are a com-
mon cause of allergy to these metals in
brick-layers (12) and cobalt in nickelplated
suspenders is often responsible for nickel-
cobalt allergy in female patients (2).

The intracutaneous testing method for
metal allergy (3, 7) has recently been close-
ly investigated (9, 10, 11). In intracutaneous
testing, reactions can often be produced by
very weak solutions. Contamination of a
metal salt may therefore be an important
source of error in the interpretation of the
results of such tests. Marcussen found the
results to a cobalt salt to be stronger in
patients allergic to nickel than in those not
allergic to metals (31). This could be ex-
plained by a slight contamination with
nickel to which the patient reacted with an
allergic reaction. In intracutaneous tests,
contamination with metals from syringes
and needles may also be of importance.
Positive intracutaneous test reactions have
been described in patients with negative
epicutaneous tests to the same compound
(3, 10). This may be because the intra-

Fﬂ( : SIGFRID FREGERT AND HANS RORSMAN

dermal test reveals weak hypersensitivity
in patients in whom the amount of allergen
absorbed through the epidermis is not suf-
ficient to elicit a reaction in epicutaneous
tests. Weak allergy and slight absorption of
the sensitizer through the epidermis may be
the explanation of single positive intra-
cutaneous tests, not accompanied by posi-
tive epicutancous tests (4, 9, 14). These
types of reactions need not be interpreted
as some special type of dermal sensitivity
such as has been suggested (3).

This paper is concerned with the occur-
rence of isolated or combined allergy to
chromium and/or nickel and/or cobalt. Most
of the patients were studied with the epi-
cutaneous testing technique. In addition,
intracutaneous testing was done with highly
purified nickel and cobalt in a number of
patients with epicutaneous allergy to nickel
and/or cobalt.

Material and Methods

Clinical material

Routine patch tests including nickel, cobalt
and chromium were carried out on 5,416
patients (3,087 females and 2,329 males)
with clinically suspected contact dermatitis
between 1960 and 1964. Of these, 57 per
cent were females and 43 per cent males.

Intracutancous tests were performed with
nickel and cobalt in 59 patients with posi-
tive epicutaneous tests to nickel and/or
cobalt.

Department of Dermatology, University of Lund, Lund, Sweden.
Supported by grants from the Swedish Medical Rescarch Council
and from the Alfred Ostertund Foundation,
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Fig. 1. Distribution of isolated and simultaneous allergies to chromium, nickel and/or cobalt
in 277 females. The figures denote percentages of total number of reactions.

Test substances

Nickel

Patch test: The solution used was 2X10™'M
fs.25 per cent) Nickel sulfate (NiSO, *
6 H.O)" in distilled water.

Intracutaneous test: Nickel chloride was
made from **Ni in the chemical form of
NiO.! NiO was boiled in a reflux with con-
centrated hydrochloride acid in excess for
three hours. After evaporation the nickel
chloride was dissolved in saline to 107°M.
This stock solution was then diluted to the
test concentrations.

The NiO contained o0.002 per cent cobalt
according to spectrochemical analysis carried
out by the manufacturers. The concen-
trations of nickel used were 1077, 1074,
10”° and 107°M.

Cobalt
Patch test: The solution used was 107

" (2.38 per cent). Cobalt chloride CoCl.*

6 H.O), Analar BDH in distilled water.

1 Merck, Darmstadt.

Intracutaneous test: Test solutions were
prepared as for nickel from cobalt metal.’
The cobalt contained max 2 p.p.m. nickel
according to spectrographic examination
carried out by the manufacturers. The con-
centrations of cobalt used were 1073, 107%,
10”% and 107°M.

Chromium

Patch test: The solution used was 1.5X
10™2M (0.44 per cent potassiumdichromate
(K.Cr.O;)" in distilled water.

p Testing technique

Epicutaneous test: A modification of Jada-
sohn-Block’s technique with polythene
coated almuminium patch test material (s)
was used.

The volume of test solution employed
was 35 microlitres/o.8 cm®. The test sub-
stance was applied for 48 hours and the
result was read after further 24 hours. A
reaction with infiltration and/or vesicles or

* Supplied by the Atomic Energy Research Establishment, Harwell, England.
* Supplied from Johnson, Matthey & Co., Limited, London.

¢ Hopkin & Willams.
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Fig. 2. Distribution of isolated and simultaneous allergies to chromium, nicke! and/or cobalt
in 261 males. The figures denote percentages of total number of reactions.

papules was recorded as positive, but not
a pustular reaction.

Intracutaneous test. Plastic syringes and
platinum needles were used. A volume of
o.r ml of the test solution was injected
superficially in the dermis of the outer side
of the upper arm. The result was read after
48-72 hours. An infiltration of more than
4 mm in diameter was recorded as a posi-
tive reaction.

Resulis

Epicutancous tests

Of the 5,416 patients tested epicutancously,
538 (277 females and 261 males) or g.g per
cent were found to be allergic to one or
more of the three metals studied. The num-
ber of positive reactions was 817. The dis-
tribution of the positive reactions to these
metals in either sex is given in Table 1 and
Figs. 1 and 2.

The frequency of allergy to chromium
was higher among the males. Of males
allergic to one or more of the metals, 88
per cent were allergic to chromium.

Allergy to nickel was more common
among the females. As many as 77 per cent

Table 1. Distribution of allergic patch test rege-
tions to chromium, nickel and cobalt

Number of patients

Cr Ni Co Females Males fm:}i:
+ —_ - 35 146 181
+  + = 5 1o 15
+ —_ + 13 46 59
+ + + 18 27 45
— + —_— 89 8 97
—_ -+ 14 12 26
—_— -+ + 103 12 115
277 261 538

of the females allergic to one or more of
the metals were allergic to nickel.

The relative frequency of allergy to
cobalt was somewhat higher in females.

In the males allergy to chromium alone
was common, but not to cobalt or nickel
alone.

In the females allergy to nickel alone was
common, but not to cobalt alone.

Allergy to chromium/cobalt was common
in the males and to nickel/cobalt in the
females, while allergy to chromium/nickel
was unconunon in both sexes. The fre-
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ALLLRGY TO CHROMIUM, NICKEL AND COBALT

Table 2. Intracutancous reactions to  pickel

and/or cobalt in sg paticnts with positive cpi-

cutancous tests. Complete agreement between
epicutancous and intracutancous tests

Ni Co  Number of paticnts
+ + 30
+ —_ 18
- + 11

Table 3. Reactions to intracutancous tests with

nickel and cobalt in 48 patients with positive

nickel patch tests and in 41 patients with
positive cobalt patch tests

Compound Concentration of tast solution (Molarity)

10—¢ 1o 10—¢ 10—3
Nickel 1 9 23 48
Cobalt 12 3t 41

quency of allergy to chromium/cobalt/nickel
was low and roughly equal in both sexes.

Intracutaneous tests

Intracutaneous testing with nickel and cobalt
in sg patients with positive epicutaneous
tests to one or both of these metals gave
the following results (table 2). Eighteen
patients reacted positively to nickel, 11 to
cobalt and 30 to both metals. When the
epicutaneous test was positive, the intra-
cutancous test was invariably positive, too.

The strength of the allergy in the various
patients is apparent from Table 3. This
table shows that a 10™°M solution of nickel
and cobalt was sufficient to detect all cases
of allergy. When a 107*M solution did not
elicit a reaction, a 10™*M solution never did
so either. Of 19 patients who were allergic
to nickel but who reacted negatively to the
epicutancous test with cobalt, none reacted
positively to 10”*M cobalt solution given
intracutaneously, and of 11 who were aller-
gic to cobalt but who did not react positive-
ly to nickel epicutaneously, none reacted
positively to 107*M nickel solution given
intracutaneously.

Discussion

The importance of allergy to metals is ap-
parent from the fact that as many as 10 per
cent of the patients tested in our series
were sensitive to one or more of theé three
metals, chromium, nickel and cobalt.

The importance of chromium as a source
of allergy among men is obvious from our
series. This allergy is mainly of occupational
type and could be traced to exposure of
chromium among cement workers. As early
as 1952 it was demonstrated that combined
allergy to chromium and cobalt among
cement workers was due to simultaneous
contact with these metals (12). As many
as 28 per cent of our allergic patients were
allergic to chromium/cobalt,

Nickel allergy was more common among
the women than among the men. While
allergy to chromium/cobalt was more com-
mon among the men owing to occupational
contact with cement, allergy to nickel/cobalt
was more common among the women ow-
ing to contact mainly with metal attach-
ments of the clothing (pins, brooches, zips,
suspenders etc.}. Experimental studies argue
strongly against the occurrence of gross
allergy between nickel and the other metals
studied (15). . _

The low incidence of allergy to chromium/
nickel in both sexes is remarkable, since
stainless steel, with which both sexes come
into contact, contains both chromium and
nickel (usually 18 per cent Cr and 8 per
cent Ni). However, chromium as a metal
is not an allergen (8). Moreover, judging
from clinical experience, nickel in the form
it occurs in stainless steel is much less aller-
genic than in plated articles.

The low incidence of nickel allergy in
cement workers allergic to chromium (13)
can be explained by the fact that nickel
occurs as a non-allergenic oxide (NiQ) in
cement {6). In contrast, all cobalt oxides,
and therefore also those occurring in ce-
ment, are allergenic (6).

The results of the intracutaneous tests
with highly purified salts in s¢ patients
with positive epicutaneous tests to nickel
or cobalt coincided with those of the epi-
cutancous tests.

SUMMA:::

Allergy 1o chromium, nickel or cobalt was
demonstrated in 538 or 9.9 per cent of
5,416 paticnts tested epicutaneously..

Of the males allergic to metals, 87 per



AR e e i e . s i h il b e B i St + R it B il B i o A5 Bt

148

cent were allergic to chromium. Of the
females allergic to metals, 77 per cent were
allergic to nickel. Allergy to cobalt was
equally common in both sexes.

Allergy to chromium/cobalt was common
in men and to nickel/cobalt in women.

Allergy to more than one of the metals
studied can be explained by the co-occur-
rence of various metals in sensitizing pro-
ducts. The difference in the sex distribution
of allergy to one or more of the metals can
be explained by differences in exposure to
sensitizing contacts.

In s9 patients allergic to nickel and/or
cobalt the results of the intracutaneous
testing coincided exactly with those of. epi-
cutaneous testing. .
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Metal Carcinogenesis
II. A Study on the Carcinogenic Activity of Cobalt,
Copper, Iron, and Nickel Compounds”*
J. P. W. GLman
(Division of Histology, Ontario Veterinary College, Guelph, Ontario, Canada)

SUMMARY

Nickel sulfide, nickel oxide, cobalt sulfide, and cobalt oxide were shown to be car-
cinogenic on single intramuscular injection in rats. The sulfide of each metal induced

- a significantly higher tumor incidence than did its oxide. Comparisons between average

latent periods and between measures of tumor progression also indicated that the
presence of the sulfide enhances the carcinogenic activity of these compounds. Nickel
sulfate, iron and copper sulfides, and oxides failed to induce tumors in rats under these
conditions.

Both C3H and Swiss mice developed tumors from single intramuscular exposure to
Ni;S; and to NiO; however, no tumors were induced with CoQ in this species. Tumor
response in mice was consistently lower than in rats, and no apparent enhancing effect
of the sulfide was evidenced. :

In rats, almost all tumors examined histologically were rhabdomyosarcomas, with
a few fibrosarcomas, particularly among those tumors induced with NiO. Difficulty was
encountered in definitely classifying the mouse tumors; whereas most appeared to be
fibrosarcomas, many of these were not typical, and a few were almost certainly

myoImas.

It was concluded that nickel sulfide was probably the compound responsible for the
carcinogenic activity of the sample of metallurgical dust originally investigated (col-
lected from' the dust flue of a nickel refinery). )

The apparent specificity of nickel and cobalt compounds for striated muscle tumori-

genesis is discussed.

A metallurgical powder! collected from the dust
flue of a nickel refinery and milled to particle
sizes of less than 5 u has been shown to be a potent
local carcinogen when introduced intramuscularly

* This work was supported in part by grants-in-aid of re-
search from the National Cancer Institute of Canada.
1 Estimated composition:
Per cent
Cupric oxide (Cu0Q) $.4
Nickel suliate (NiSO,-6H:0)
Nickel sulfide (Ni:S;)
Nickel oxide (NiO)
Cobalt oxide (CoQ)
Ferric oxide (Fe;0;)
Silicon dioxide (Si0.)
Miscellaneous
Moisture

Received for publication July 10, 1961.
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as a single injection in either rats or mice (8).
In the same study, cobalt oxide (accounting for
approximately 1 per cent of the dust) was also
shown to be carcinogenic to rats but not to mice.
A majority of the sarcomas examined in these
initial experiments appeared to be of muscle-cell
origin.

The present report deals with a determination
of the components of this refinery dust responsible
for its tumorigenicity, and our observations on the
comparative tumorigenic activities of these and
related compounds. The following six compounds,
present in the original sample of refinery dust,
were tested against rats: CuO, Fe;0;, NiO, NisS:
NiSO,-6I1,0, Co0, as were also several sulfides
of copper, iron, and cobalt. Subsequently, several
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groups of mice were cxposed to single intramuscu-

lar injection with those components of the refinery
dust that had proved tumorigenic to the rat.

MATERIALS AND METHODS

The experimental animals used were a com-
mercial strain of Wistar rats? and C3H and Swiss
mice bred in our own colony. All animals were
from 2 to 3 months of age when placed on experi-
ment. Housing and care were the same as reported
previously, as also was the method of preparation
and adininistration of suspensions of the metal-
lurgical powders (3).

showed no carcinogenic activity through observa-
tion periods of approximately 20 months following
exposure.

Both the sulfide and the oxide of nickel induced
tumors at the site of injection in a majority of the
rats treated. However, marked differences in tu-
morigenic activity were observed between these
two nickel compounds both in proportion of injec-
tion sites at which tumors developed and in aver-
age latent period. Thus, the difference between
the 80 per cent tumor incidence at sites injected
with Ni;S; and the 41 per cent incidence with
NiO is significant at the 1 per cent level (x* =

TABLE 1

LocAL TUMOR RESPONSE OF RATS TO SINGLE INTRAMUSCULAR
INJECTIONS OF METALLURGICAL COMPOUNDS

. Av. Sur-
Gronp no, No. on Eg;d' :;"(;‘ t:‘::::' t:::;r ‘gul’; 't latent | Days on| vivors Miscellaneous
and compound exp. uh.' '“"' ot site rats tumor period exp. at end tumors
{days) exp.
1. Cu0Q 82 8 561 0 585 10
2. FeO 82 82 64 0 001 14 .
8. NiSO,-611,0 82 27 541 0 603 13 1 lymphoma
. 1 uterine fibroma
4 mam. fibroadenomas
4. Ni0 82 32 64 26| 21 180 s02|| 595 5 1 mam. fibroadenoma
1 lymphoma
5. Nis§, 32 28 45§ ] s3] 25 91 150] | 865 0
8. CoO 32 24 294 18 12 96 178 342 5
7. CoS 80 29 58 35 2.3 97 196 865 1
8. CuS 80 30 60 0 603 19 1 mam. fibroadenoma
1 reticulocytoma
8, CuS 30 S0 60 0 603 20 1 mam. fibroadenoma
10, ¥eS (47% S) 30 30 60 o** 627 | 21 2 mam. fibroadenormas
11, FeS(88.39, S) 30 30 60 0 627 18 2 Jlymphomas

* Number surviving; 80 days after treatment.
120 mg. right leg; 6 mg. left leg.
1 5-mg dose/thigh.

§ Seventeen rats treated in both thighs, cleven in one thigh only.

# Five rats treated in both thighs, nineleen in one thigh only.

| Differences significant at 1 per cent level.

** One rat (died 139 days) with large bematoma at injection sile with indications of early sarcoma formation in thickened

librous wall.

As a general rule, a single 20-mg. dose of the
Powder under test was injected into both the
left and right thigh muscles of each rat, whereas
the mice received injeclions of 5 mg. per thigh.
Exceptions to this werc made for reasons of toxici-
ty and are noted in the text where they occurred.

, RESULTS
Table 1 summarizes the findings in the initial
series of tests for the carcinogenicity of the com-
Pounds listed, with the rat used as the test animal.
Apparently, cupric oxide and ferric oxide, at a
20-mg. site dosage, and nickel sulfate at 5 ing/site

* Woodlyn Farms, Guelph, Ontario, Canada.

16.622, df = 1, P < .01). Similarly, the 302-day
latent period required on the average for NiO
to induce a palpable tumor is significantly longer
than the 150 days required by Ni,S, (“#* = 7.853,
df = 44, P < .01).

Cobalt oxide had previously been shown to be
carcinogenic to the rat under these conditions of
experiment (3). A further test of this compound
again resulted in approximately a 50 per cent
tumor response (Group 6).

The fact that injection with nickel sulfide re-
sulted in tumors devcloping in 89 per cent of all
the exposed animals, whereas ouly 66 per cent
of the NiO-treated rats and 50 per cent of those
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receiving CoO responded to the same or heavier
dosages, suggested that possibly the sulfide itself
might be directly concerned in this enhancement
of responsiveness. To test this hypothesis, groups
of 30 rats each were exposed to single intramuscu-
lar injections of the following metal sulfides:

Cuprous sulfide

Cupric sulfide

Iron sulfide (47 per cent S)
Iron sulfide (38.3 per cent S)
Cobalt sulfide

Results obtained in these tests are included in
Table 1 (Groups 7-11). Copper and iron com-
pounds again failed to induce tumors. However,
the sulfide of cobalt proved markedly more active
than the oxide in numbers of tumors induced,
although no difference developed in average latent
period.

The great majority, possible all, of tumors in-
duced by nickel sulfide and cobalt oxide were
pleomorphic, highly cellular sarcomas, obviously
of striated muscle origin (Fig. 1), showing frequent

metastasis to the lung and lymph nodes (Fig.
2). Although a majority of the nickel oxide-induceq
tumors could also be shown to be rhabdomy,.
sarcomas (Fig. 8), about 20 per cent were classeq
as fibrosarcomas (Fig. 4). Several of the tumorg
examined from the CoS group were highly 4y,
plastic and difficult to categorize definitely; hoy,.
ever, here again the predominant histological type
was a striated muscle tumor (Fig. 5).

Metastases were very frequent in animals of
the nickel sulfide group, occurring in almost 4
animals autopsied (Table 2). Fifty-five per ceng
of the cobalt sulfide group also showed metastases,
although these frequencies were progressively o
duced when the primary tumor was induced by
either nickel oxide or cobalt oxide.

In all cases the primary tumors, once estab.
lished, tended to grow rather rapidly and oftey
to a very large size around the site of injectiop,
The rapidity with which the induced tumors re.
sulted in the death of their hosts (tumor progres.
sion time) is compared in Table 3. Tumor—bearing
animals whose death was attributable to causes

TABLE ¢

FREQUENCY AND stmmxmox OF METASTASES IN INDUCED RAT TUMORS
(MosTLY RHABDOMYOSARCOMA)

Merastases Disrrisurion
No. rats
Carcvooxn AvUTOPR-
sIzn - Per Lung and Lung Lympkh
No. cent Jymph ] node
nodes only only

Nickel sulfide 21 20 25 14 e 4
Cobalt sulfide 29 16 85 9 1 6
Nickel oxide 20 7 85 3 2 ']
Cobalt oxide 12 8 25 2 1

TABLE 8

COMPARISON OF THE AVERAGE TIME FROM
FIRST AFPEARANCE OF TUMOR ToL
DEATH IN RATS EXPOSED TO FOUR CAR.
CINOGENIC METALS

Av. pro- Difter-
Carcinogen No. rats gr;uwn ence
1me
(daya) (days)
Nickel sulfide 20 55
Nickel oxide 16 83 28*
Cobalt oxide 12 71 12
Cobalt sulfide 24 42 20¢%

* Significant at the 5 per cent level.
t Significant at the 1 per cent level.

other than tumor growth and metastasis have
been omitted from these calculations. The differ-
ence of 28 days in progression time that existed
between animals supporting Ni;S;- and NiQ-in-
duced tumors was significant (“t” = 2.219, df =
34, P < 0.05), as also was the difference of 29
days hetween average progression times of Co0
and CoS-induced tumors (“¢” = 8.41, df = 34,
P < 0.01). No apparent difference existed in the
rapidity with which the cobalt oxide and nickel
oxide-induced tumors caused the death of their
hosts,

Tumor response of mice—Table 4 compares
the tumor response of mice of two different strains
to nickel sulfide and nickel oxide. The response of
Swiss mice exposed to CoO at a heavier dose
has been included for comparison.

'
i
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The fact that both nickel compounds proved
carcinogenic to mice is in sharp contrast to the
inactivity of CoO, even when administered in
double the dose and kept under observation for
2years. No differences can be noted in the tumori-
genic activity of the two nickel compounds in
mice either in average latent period or numbers of
tumor-bearing animals. However, in this species
it would appear that the progression time of the
NiO-induced tumors was appreciably shorter than
that of Ni;S, tumors (Table 4), an observation
in direct contrast to the condition observed in
rats (Table 8). There also appeared to be a strain
difference in susceptibility to the nickel com-
pounds, with the C3H being more refractory than

‘Swiss on the basis of per cent tumor response.

DISCUSSION

Although the findings reported here demon-
strate that several compounds of both nickel and
cobalt are carcinogenic, they also indicate that
in all probability nickel sulfide was the effective
carcinogenic agent in the original crude refinery
dust investigated. This view is supported by the
rapidity with which Ni,S; induced tumors in the
rat, the failure of CoO to induce tumors in mice,
and the fact that 57 per cent of the refinery dust
was made up of the sulfide of nickel.

Needless to say, direct extrapolation between
the induction of rhabdomyosarcomas in the rat
and the occurrence of tumors of the sinus and lung
in refinery workers is not justifiable—a fact that
is underlined by our observation that parenterally

TABLE 4

CARCINOGENICITY OF N10O, NLS;, AND CoO ON INTRAMUSCULAR INJECTION
INTO C3H AND Swiss MICE

TREATMENT TuMoR RESPONSE
Strain snd Total Dose/ No. Per cent | Av. latent | Av. proge’n] Duration | Survivors
Metal no. mice sites site tumor affected period time of exp. at end
) injected (mg.) animals sites (days) (days)t (days) of exp.
NisS, Swiss45 - 51* 5 7 53 250 181 478 8
CsH-18 80 & 9 33 25 139 448 2
¢ Ni0 Swiss-50 100 5 33 35 T 287 8 478 4
: C8H-52 104 ] 238 8 256 7 476 8
Co0 Swiss-46 92 10 0 751 12

* Only a few Swiss mice were injected in both thighs with Ni;S,, owing to its toxicity.
$ Average number days from appearance of first tumor to death.

.Both sexes were included in about equal numbers
in the composition of these groups, with no sex
differences being observed.

Exact histological classification of these mouse
tumors proved to be difficult. All were sarcomas,
many of which show the characteristics of a fibro-
sarcoma. Frequent examples, however, were en-
countered of both Ni0Q- and Ni;S,-induced tumors
with the superficial features of a fibrosarcoma
(Fig. 6), which on closer examination showed
a lack of collagen, a considerable cellularity, and
numerous oval nuclei suggestive of a myoma (Fig.
7). A few of the mesenchymal tumors of this
type also showed areas of cellular pleomorphism,
with giant cells that may have been of muscle-cell
origin (Fig. 8). Metastases to the lung occurred
only occasionally, while the lymph nodes have
not heen seen to be involved in mice. This absence
of dissemination through the lymphatics is in
marked contrast to the situation commonly ob-
Served in the rat (Table 2).

administered cobalt oxide, while highly carcino-
genic to the rat, is apparently inactive in mice.
Nevertheless, the demonstrable tumorigenic ca-
pabilities of finely powdered compounds of nickel
and cobalt in laboratory animals lends further
support to the view that certain such dusts in the
refinery industry may constitute an industrial
cancer hazard (9, 11). Sinus and lung cancer
occurring in plants where nickel is produced by
the decomposition of gaseous nickel compounds
has been included in the list of Proscribed Diseases
in Britain for many years (4). During the last
decade, however, evidence has been accumulating
that this restriction of the industrial cancer hazard
to the extremely finely divided nickel liberated
from carbonyl, Ni(CQ),, is probably not justifiable
(1, 4).

The reports of Heath (7) on the carcinogenicity
of metallic cobalt and particulavly of the apparent
specific affinity of this melal for muscle in the
rat are corroborated by our own findings with both
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the oxide and sulfide of cobalt. Of even more
interest is the fact that this peculiar selectivity
for muscle has, in our experience, been shown
to be particularly pronounced when the suifides
of nickel or cobalt were used as the carcinogenic
agent. Hueper (10) has reported a wide variation
in histogenetic types of tumors resulting from
intrafemoral injection of nickel and has concluded
“...that no tissue specificity exists in relation
to the carcinogenic action of nickel.” This is in
contrast to our observations on the rat which are
strongly suggestive of a definite tissue preference
by this carcinogen for striated muscle. A possible
reason (other than the different injection site
used) for this apparent divergence may have been
the high incidence of a rather wide variety of
“spontaneous” tumors in Hueper’s strain of rats,
as indicated from his report of ten neoplasms of
at least five different histogenic types in 28 control
animals. In the light of both Heath’s and our
own observations and the relative rarity of occur-
rence of striated muscle tumors, Hueper’s finding
of several rhabdomyosarcomas developing along
the site of intrafemoral injection is of considerable
interest.

It is tempting to speculate what role the sulfides
themselves may play in metal carcinogenesis, par-
ticularly in view of the significant enhancement
to tumorigenic activity shown by sulfides of both
nickel and cobalt over that of the oxides of these
metals. As neither iron nor copper sulfides induced
tumors, it seems safe to conclude that the sulfides
per se have no carcinogenic activity. Thus, their
function, if any, must be assumed to be one of

true co-carcinogenesis, possibly involving altera- .

tions in the solubility and/or binding of the metal
compounds. It has been suggested speculatively
(5) that the introduction of excess metal into a
system of delicately balanced metals and metal
enzymes might readily interfere with normal func-
tion in such a way as to lead to a specific respira-
tory change and mutation. Excesses of either
nickel or cobalt compounds might conceivably
affect the same muscle enzyme system in the rat.

Heath (8) has reported that, in an experiment
still in progress, cobalt has failed to induce tumor
development in mice. This supports a similar ob-
servation by us, on the basis of which we had
concluded that cobalt oxide could not be the
effective carcinogen in the original refinery dust
investigated (8). Furthermore, in mice, tumors
classifiable as definitely of muscle cell origin rarely

occurred in response to nickel compounds, ang the
fibrosarcomas that predominated appeared to be
of a rather low order of malignancy, developiy,
relatively slowly and rarely metastasizing. N
marked enhancing effect of the sulfide of Nicke
occurred-in this species. Such differences in pq
sponse to the same carcinogens underscore bogy,
the desirability of utilizing more than one specie,
in screening and the risk of error inherent
interpolation of findings from one species to g,
other.

The consistently lower tumor response of mip,
of the C3H strain to nickel compounds, whey
compared with the Swiss mice tested, is probaly
a reflection of a general or systemic tumor res;y;.
ance rather than of a specific refractoriness of
local tissues to the carcinogenic agent used (2),
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JTHE RELATION OF THE SULPHUR AMINO ACIDS
TO.THE TOXICITY OF COBALT AND NICKEL
- IN THE RAT S

WENDELL H. GRIFFITH, PAUL L. PAVCEK AND BWIGHT J. MULFORD

Department of Biological Chemistry, St. Louis bnivem'ty School
of Medicine, Missouri .

(Received for publication January 3, 1942)

Possible interrelationships of cobalt, cysteine and choline
are suggested by the observations of a number of investiga-
tors. Davis (’39) noted that choline prevents cobalt poly-
cythemia in dogs; Michaelis and co-workers (Michaelis, *29; -
Michaelis and Barron, ’29; Michaelis and Yamaguchi, '29;
Michaelis and Schubert, ’30; and Schubert, ’31, ’33) studied
the formation and structure of complexes of eysteine with
cobalt and nickel; and, Beceston and Channon (’36) and Mul-
ford and Griffith (’42) have investigated the relation of choline
to cystine. In view of the above findings a study was made of
the utilization of sulphur amino acids in diets containing
either added cobalt or nickel, with and without supplements
of choline. The data reported in this paper clearly indieafo
the importance of the cobalt-cysteine relationship in rats be.
cause the injurious character of cobalt-containing food mix-
tures is” readily decreased by administrations of wvither
methionine, cystine, or cysteine, especially the latter. No ovi-
dence was found of the participation of choline in this

~

'mechanism. The concept that cysteine may aet as a detoxi-

cating agent for metals such as cobalt has not been reported
previously as far as we have been able to determine, although
Launoy (’34) found that cysteine is used in the detoxication
of antimony, and Shinohara (’35) suggested the formation
of a thiol complex in the detoxication of niereury.,

603

Y



604 W. H. GRIFFITH AND OTHERS

EXPERIMENTAL

Young male rats, 20 to 26 days of age and 38 to 42 gm. in
weight were used in all of the experiments. Diets were fed
ad libitum and food consumption was measured, but these data

~ are not included in this paper. The basal diets contained

purified casein 12 to 30%, sucrose 37 to 55, lard 19, dried
brewer’s ycast ! 6, agar 2, fortified fish liver oil 1, salt mix-
ture 4 (Hawk and Oser, ’'31) and calcium carbonate 1¢%.
Supplements of choline, sulphur amino acids and metallic salts
cither were added to the basal diets or administered separately
as noted in the tables. Sclutions to be injeeted were made as

- nearly isotonic as was possible. Animals on the stock diet

were used in the acute toxicity experiments and were fasted
for 4 hours before oral administration of supplements.

The effect of supplementary cystine and choline on the
toxicity of cobalt and other metals. Groups 7, 13 and 19
(table 1) show the effect of 0.12% of CoSO, - TH,O on the
rate of growth of rats on diets containing 12, 18 and 30% of
casein. The greater protection on the higher protein diets
was probably due to the increased level of sulphur amino acids

“because the effect of the cobalt was partially neutralized by a

o supplement of 0.5% of cystine (groups 9, 15 and 20). Groups

- 17, 14 and 16 demonstrate the effect on growth of increasing

- the cobalt concentration in the same basal diet. Groups 8, 9
*». . and 10 illustrate the failure of cholitie to affect the toxicity
. of cobalt. In these experiments the injurious level of cobalt

was approximately that reported by Stare and Elvehjem (’33),

. - Josland (’36) and Josland and McNaught (’38). The data
*.in table 1 show without question the efficacy of the cystine

supplement although group 21 was the only group which grew

o - ‘normally on a diet containing cobalt. As will be shown later,
" cystine is very much less aotlve than cvsteme in the prev entlon

W

S
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o

A

of cobalt toxicity.

.~ Table 2 shows the results of feedmg dlets contammg equiv-

~alent amounts of cobalt, nickel, zine, manganese, iron and

' ;‘ _copper. Of these elements only cobalt and copper showed evi-

L UE
P

* Apheuser-Buech, Strain G,

229



.

-

COBALT, NICKEL AND CYSTEINE 605

dence of marked toxicity which {vas partially prevented by
cystine. The poor growth on the diets containing copper may
have been' due in part to loss of cystine as the insoluble

- cuprous-cysteine complex but apparently ther® was loss of

e

, ~ 'TABLE 3

Thé effect of supplemeniary cystine and choline chloride on the rate of growth

of €0-gm. male rats on diets sontaining tozic levels of cobalt,

v

: SUPPLEMENT AVERAGE TOTAL GAIN 1IN WEIOHT
- OROUP? DIETARY —_———
C.‘“"‘ Cobalt # Cystine S\'}glii’éee dfyl [ d:gs dﬁg; digg
% % % % om. am, am. am.
1 12 0 0 0.0 12 34 69 112
g 12 0 0 0.30 12 37 76 122
3 12 0 0.5 0.05 15 44 | 9o 140
4 12 0 0.5 0.30 13 39 | 97 146
5 12 (] 0.5 1.00 12 43 89 140
6 12 0.12 0 005 | —5 =5 .. ...
7 12 0.12 0 030 | 5 —6 N S
8 12 0.12 0.5 0.05 12 35 68 | 92
9 2 0.12 0.5 -0.30 11 33 70 92
10 12 0.12 0.5 1.00 10 26 50 75
11 .18 (] 0 0.3 17 42 84
12 8.1 o 0.3 0.3 16 51 97 152
13 18 0.12 0 0.3 0 7 10
14 18 0.12 0.3 0.3 11 24 35 40
13 18 0.12 0.5 0.3 12 39 71 103
16 18 0.24 0.3 0.3 0 8 .. .
17 18 0.06 0.3 ’ 0.3 13 40 73 113
18 18 0.06 10 | 03 19 58 98 135
19 30 0.12 0 P93 5 25 26
20 30 0.12 0.5 l 0.3 15 46 83 ..
21 . 30 0.06 0.5 | 03 12 | 50 97 142

*8ix rats per group.,
* Expressed as’'per cent of cobaltous sulphate (CoSO0, - TH,0).

other nutritive valye because these food mixtures deteriorated
rapidly on standing. This was also true if cuprous copper
was used (unpublished experiments). Deterioration of the
cobalt-containing food mixtures was not observed. The stimu-
lation of growth resulting from a supplement of cystine in the

5
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606 W. H. GRIFFITH AXD OTHERS
cystine-deficient 18% casein diet (Mulford and Griffith, 42)
is also illustrated by the data in table 2 .
-‘ The effect of supplementary wmetlhionine and cysteine on the
toxicity of cobalt and the cffect of intraperitoneal injections of

the cobalt-cysteine (1:3) compler. able 3 shows the compara-
tive effeets of eystine, eysteine and methionine on cobalt
poisoning. Cysteine (groups 3 and 4) was more than twice as

. . TABLE 2
The effect of supplemenlari eystine on the rate of growth of 40-gm. male rats
i on dictst containing cither adided cobalt, nickel, zine, manganese,
jron ur copper during a 30-day period.

Ee 55

LT E w -]

- “h z Bzg || s £ gai

8 O R g5 ERZ & R 86 ERz
S 3 < < <] 173} - “

4 . % out,

1 0.12¢; CoSQ, - THO 0 10 10 0.06% MnSO, (anhyd.) 0 83

2 0.12¢% (oS0, - THO 0.3 35 11 0.06% MuSO, (anhyd.) 03 107

|
|
3 0.12¢4 Co80, - TH,O 0.5 71 | 12 0.06% MnSO, (anhyd.) 0.5 107
0.11% NiSO, - 6H,0 © 78 E 13 0,119 Fe,(80):+Aq. 0 84
0110 NiSO, - 6H,0 03 103 | 14 011% Fe,(80,),4-Aq. 03 100
|
i

0.11% NiSO, - 61,0 0.5 97 15 0.11% Fe,(80,),4+Aq. 0.5 109
0.12¢% ZusO, - TH,O0 © 90 16 0.119 CuSQ, - 5H,0 0 30
0129 ZnSO, - TH,0 03 106 i 17 0.119% CuRO, - SH,0 0.3 57
0.1205 ZuS0, - 71,0 0.5 113 | 18 0.114 CuR0, . HH,0 0.5 2

D00 1 Ut B

1 Basal diet: 189 casein 4+ 0.3% choline chloride.

*Six rats per group.

& ' * ! Approximately equivalent concentritions, . .
1 effective as cystine (group 2) or methionine (groups 6, 7 and

t .. 8). Group 5 shows the growth response following the oral

administration of cysteine to rats after 20 days on the growth-

: inhibiting cobalt diet. The complex of cobalt and cysteine,

while unquestionably less toxic than the cobalt alone, may in
itself retain some toxicity. Lethal quantities of cobalt were

. injected intraperitoneally as the cobalt-cysteine complex (1:3)
“~. with partial inhibition of growth as the only apparent effect
' ", (groups 9 and 10). In these groups it was not evident whether
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COBALT, NICKEL AND CYSTEINE 607

' the inhibition of growth was due to the complex itself or
E whether some dissociation of the complex in the body liberated
- .the much more toxic cobalt. The beneficial effect of supple-
- ments of cystine in the diets of rats receiving injections of the

. complex supported the latter suggestion (groups 11 and 12).

s

T * TABLE 3 ey
' ' ‘ The effect of the administration of cobalt with either cystine, oysteine ' '
: " or methionine on the rate of growth of 40-gm. male rals on
0 diets tontaing 18% casein + 0.83% choline chloride. , L
- “ AVERAGE TOTAL
] . : GAIN IN WEIGHT
_eroup? SUPPLEMENT it e | —
20 30
days days
% % ‘gm. am.
1 0 0.3 70 97 -
2 . 0.12 0.3 30 35 )
"3 0.39% cysteine hydrochloride 0.12 0 61 B7
4 0.195% cysteine hydrochloride 0.12 0 41/ 58
§ { 5 20 mg. cysteine hydrochloride per : -
. : os duily after 20th day I 042 0 —4 17
‘ ’ 6 0.319 dl-methionine 0.12 0 30 .
7 0.629% dl-methionine 0.12 0 44 .o
[ 8 1.24% dl-methionine 0.12 0 51 ..
9? 6.5 mg. CoSO, - TH,0 as cobalt-
cysteine complex 0 0 60 83
10? 19.5 mg. CoSO, - 711,0 as cobalt- )
. cysteine complex 0 0 26 45
. 11 6.5 mg. CoSO, - TH;O ag cobalt-
’ cysteine complex 0 0.5 75 103
12¢ 19.5 mg. CoS0O, - TH,0 as cobalt- |
cysteine complex Poo 0.5 46 67

18ix rats per group.

* Expressed as per cent of cobaltous sulphate (Co8O, -« TH,0).

* Daily intraperitoneal injection of 1 or 3cc. of a brown solution containing
1.7 mg. of eysteine hydrochloride and 0.9 mg. of Nal1CO;, per 1 mg. of CoS0,-TH,0.

To:cicify and detozication of cobalt by cysteine, glutathione

(GSII ), and methionine. High mortality resulted within 24

hours after the oral administration of 40 mg. and the intra-

- peritoneal administration of 9 mg. of cobaltous sulphate (table
4, groups 3 and 7). The intraperitoneal injection of cysteine
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608 W. H. GRIFFITH AND OTHERS

was effective in permitting survival following cither method
of administration of the cobalt (groups 4 and 8). Further-
more, the cobalt-cysteine complex (1:3) was without lethal
effect except at high levels (groups 5, 9 and 10). The complex
was prepared as described by Schubert (’31) and contained
20 mg. of CoSO, * TH,0), 34 mg. of cysteine hydrochloride and
17 mg. of NaH(CO, per 3 ce. of solution. The unneutralized
cobalt-cysteine complex gave a deep red solution which became
brown after neutralization. On standing this solution darkened
and deposited a black precipitate. Similar results followed
the administration of cither the red or brown solution, The
solution in the peritoneal eavity was brown within 15 minutes
after the separate injections of cobalt and of unneutralized
eysteine hydrochloride. The injection of the brown complex
was followed by its rapid absorption from the peritoneal cavity
as was evidenced by the darkening of the urine, eyes, paws
and subeutancous tissues within 5 minutes after the admin-
istration. Reduced glutathione gave the same colored solu-
‘ tions with cobalt as did cysteine and the mixture of cobalt and
glutathione was non-toxie (group 11).
ﬂ 4 Groups 12 to 16 (table 4) show the partial protection af-
- - forded by methionine against the toxicity of cobalt. The effect
was less marked than that of cysteine, as was also the case
in the growth experiments (table 3). It is not possible from
o the present data to determine whether methionine was effee-
tive either because of its conversion to cysteine or because of
the formation of a cobalt-homocysteine complex. "
_ The effect of cysteine on the toxicity of nickel. Michaeclis
" and Barron ( ’29) have reported thé similar behaviour of nickel
and cobalt with respect to the formation of complexes with
cysteine. Groups 17 to 23 (table 4) show that the toxicity of
nickel is also decreased by the administration of eysteine. In
agreement with Caujolle (’39) nickel appeared more tozic
than cobalt insofar as mortality from single administration
n “ iwas concerned. However, as noted in table 2, nickel added
+ 2" direetly to the ration proved much less toxic than an equivalent
¥+, level of cobalt. Further work is needed.to clarify these ap-
" parently conttadictory resuls. \ L

=
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TABLE 4

© The effect of cysteinet and of dl-methionine on the tozicity of eobalt and the effect
| M of cysteinet on the tozicity of mnickel in €0-gm. male rats,
’ - - N N 24 Hour
omem e oee PROCEDURE i on
Y me. g, %
X 16 0 Per o 9 0
27 30 g Per os o . 9% 33
£ 08 40 0 _Peros . 17 71
E ? 40 0 Cobalt per os + intraperitoneal injec. '
© = tion of 34 mg, cysteine -16 0
5¢ 4 0 Cobalt-cysteine complex per os L2l 0
" 6 ] 0  _ Intraperitoneat injection ' 31 58
7 8. .0 Intraperitoneal injection 2 27 89
8 6 0 . Intraperitoneal injection of. cobalt and
) 27 mg. eysteine ' 12 0
' : 8¢ - 20 .0 Intraperitonesl injection of cobalt.
1 . - eysteine complex 21 0
10¢ 40 0 Intraperitoneal injection of cobalt-
cysteine complex 15 67
11¢ 20 0 Intraperitoneal injection of cobalt-
y : glutathione eomplex 5 0
12 40 0 Cobalt and 64 mg. methionine per o3 19 0
13 10 0 Intraperitoneal injection of cobalt + ’
: 4 mg. methionine per os 17 53
14 10 0 Intraperitoneal injection of cobalt +
mg. of methionine after 3 hourly
injections of 12 mg. methionine 20 25
15 10 0 Two intraperitoneal injections of 5 mg,
cobalt § hours apart 4 32 mg,
; _ methionine per og one-half hour be-
i 4 fore and after first cobalt injection . 14 0
[ 16 10 0 Two intraperitoneal injections of 5 mg.
. eobalt 5 hours apart 5 100
17 0 20 Per os 28 G4
- 18 0 -2 Nickel per og + intraperitoneal injee-
T tion of 34 mg. cysteine hydrochloride 12 . 50
i 19 0 20 Nickel per os <+ intraperitoneal injee-
' tion of 17 mg. eysteine hydrochloride
after 0 and 3% hours 16 25
20 0 3 Intraperitoneal injection 7 14
21 0 6 Intraperitoneal ‘injection 10 90
22 0 10 Intraperitoneal injection 6 86
23 0 10 Intraperitoneal injection of mickel-
cysteine complex 10 0
* Cysteine hydrochloride and one equivalent of NaHCO, were used.
' ? Expressed as mg. of CoS0, - 71,0,
* Expressed as mg. of NiSO, - 6¥H,0. .
) * Brown solution of cobalt-eysteine (1:3) complex containing 1.7 mg. cysteinq.
bydrochloride and 0.9 mg. NaHCO, per mg. of CoSO, - 7I1,0.
* Brown solution of cobalt-glutathione (1:3) complex containing 3.33 mg, gluta-
thione (GSH) and 1.5 mg. NaHCO, per mg. of CoS0, - 7H,0. -
. *Nickel-cysteine (1:3) complex containing 1.7 mg. of cysteine hydrochloride
[] and 0.9 mg, of NaHCO, per 1 mg. of NiSO, .- 6H,0.

22
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DISCUSSION

The above data suggest that the foxic effects of cobalt and
nickel and possibly of copper may be largely, if not completely,
neutralized by the presence in the diet of sufficient sulfhydryl
compounds, such as, eysteine, reduced glutathione, or homo-
cysteine (from methionine). These compounds are believed
to detoxicate cobalt by the formation of less toxic complexes
of the type deseribed by Michacelis in the case of cobalt and
cysteine, 1t may be that the principal effect in cobalt poisoning
is that which results from the binding in complex formation of
sulfhydryl compounds in the tissues. Indeed, it is conceivable
that interference with cellular oxidations due to formation of
such complexes, with glutathione for instance, may be the
stimulus to the hematopoietic system which causes so-ealled
cobalt polyveythemia. - Furthermore, these data suggest that
consideration be given the possibility that dietary supplements
of sulthydryl compounds, or their precursors, may alter the
oulcome of studies of cobalt metabolism, and that dietary sup-
plements of cobalt may alter the outcome of studies of
sulfhydryl metabolism. In addition, the complex of cobalt
and the sulfhydryl compound may itself be physiologically
active.

It is significant that Barron and Barron (’36) and Davis
(’40) have reported studies on the relation of ascorbic acid to
cobalt polycythemia and have concluded that cobalt may bring

" about erythropoiesis by interference with some respiratory

funetion of this vitamin. Although preliminary unpublished
experiments have failed to demonstrate any influence of
ascorbic acid on the detoxication of cobalt by eysteine in the
rat, an interrelationship may exist between cobalt, ascorbic
acid and a sulfhydryl compound, such as, glutathione. It is not
possible at this time to coordinate the results of the present
paper with the recognized role of cobalt as a dietary essential
required for the prevention of anemia. The latter studies and
the associated effects of an unisolated organic substance in

liver extracts have been reviewed hy Underwood (°40).
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SUMMARY

. 1. The marked inhibition of growth of young rats due to
0.12% of eobaltous sulphate in an 18% casein diet is largely

prevented by supplements of methionine, cystine or cysteine,
especially the latter.

2. The high mortality due to either the oral or intraperi-
toneal administration of very toxic levels of either cobalt or

nickel is prevented by the simultancous and separate admin-
istration of cysteine.

3. The complex of cobalt and cysteine formed in vitro is
relatively non-toxic. '

4. Cobalt poisoning may be due to the fixation and loss of

sulfhydryl compounds in tissues with resulting interference
with oxidative mechanisms.

We wish to acknowledge financial aésistance from the
Theelin Fund adininistered by the Committee on Gr

ants for
Research of St. Louis University. -
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Acute Pathological Reactions

to Administration of Nickel Carbonyl

- Raymond L. Hackett, MD, and F, William Sunderman, Jr., MD, Gainesville, Fla

EPIDEMIOLOGICALH’ and clinical10-14
investigations have implicated nickel as an
etiologic factor in cancers of the respira-
tory tract. Increased incidence of respira-
tory cancer has been found among nickel
workers in Great Britain,¢ Germany,15 Nor-
way,1t Japan,’® Russia,’?'% and Canada.!®
For example, Doll®0.21 hag reporicd that dur-
ing the years from 1938 to 1956, 35.597 of
the deaths among nickel workers in Glamor-
ganshire, Wales were caused by cancers of
the lung and nasal passages. The incidence
of pulmonary cancer among these nickel
workers was nine times greater than was
observed among other industrial workers in
the same region.29.21 Nickel has been impli-
cated as a carcinogen in tobacco smoke®2.23
and in the atmospheres of indusirial com-
munities.24

The carcinogenic properties of nickel
compounds have been established by nu-
merous experimental studies.246 As sum-
marized in Table 1, administration of nick-
el compounds by a variety of routes has
induced malignant tumors in rals, guinea

~ pigs, and rabbits. Payne'*i* has demon-

strated an inverse correlation between the
carcinogenicity of nickel compounds and
their solubility in aqueous media. Nickel
dust, nickel sulfide (Ni,S.), nickel carbon-
ate (NiCO,), nickel hydroxide (Ni[OH], «
H.0), and nickel oxide (NiO) all have solu-

Submitted fer publication June 15, 19646: accepted
Sept 14, 19686. .

From the Department of Pathology, University
of Florida College of NMeadicine, Gainesville.

Read before the American Society of Pathologisis
and Bacteriologists, Cloveland, March 4, 10566,

Reprint requests to Pathology Department, Uni-
versity of Florida College of Medicine, Gainesville,
Fla 32603 (Dr. Sunderman).

-

bilities of less than 25ug/ml in saline at
37 C.4¢ Osteogenic sarcomas, fibrosarcomas,
and rhabdomyosarcomas have been induced
in experimental animals by injections of in-
soluble nickel compounds suspended in
lanolin, gelatin, i +icillin, fowl serum, and
sheep fat, and .. implantations of nickel
pelicts, discs, and chips. Implantation of
nickel in the lungs and pleural cavities of
rats has resulted in the development of sar-
comas, but has not induced pulmonary car-
cinemas of the hisiological types which are
observed among nickel workers. The experi-
mental induction of such carcinomas by
nickel has only been accomplished following
exposures by inhalation. Hueper!?37 has
reported an anaplastic pulmonary earcino-
ma in a guinea pig exposed to inhalation of
powdered metallic nickel, and Sunderman
and coworkers!346 have reported pulmo-
nary carcinomas in six rats exposed to inha-
lation of nickel carbonyl (Ni[CO1,). Two of
these tumors were squamous cell carcino-
mas, two were adenocarcinomas, and two
were anaplastic carcinomas.

From a methodological viewpoint, expo-
sure of rats to inhalation of nickel dust
poses difficulty in controlling particle size
and achieving uniform distribution and re-
tention in the lungs. These disadvantages do
not pertain to the inhalation of the vapors of
nickel carbonyl, a volatile liquid which boils
at 43 C. However, the extreme toxicity of
nickel carbonyl* has necessitated the use of

*The American Conference of Governmental Hy-
gienists™ has placed the threshold limit value for
nichel cabeayl in indust: il atmaspheres al one part
per lhon (Tag/eua sy, By contrast, the threshold
limit value for hydrogen cvanide is ten parts per
million (11 mg/cu m), and the vithue for caibon mon-
oxide is 100 poets per willion (110 mgZeu m.

Arch Environ Health—-Vol 14, April 1967
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Table 1.—Nickel Carcinogenesis in Experimental Animals

Malignant Tumors

Author Date Species Compound Route
ttueper® 1952 Rat . Ni dust in lanolin Intrafemoral Sarcomas
P ° intrapleural
Hueper¥ 1955 Rat and Ni dust in gelatin Infrafemoral "
rabbit subcutaneous
Hueper!?3? 1958 Guinea Ni dust Inhalation Anaplastic carcinoma
pig

Sunderman 1959 Rat Ni{CO)s vapor “ Squamous cell and

et al*s adenocarcinomas
Mitchell et al4t 1960 . Ni peliets Subcutaneous Sarcomas
Hueper and 1962 “ Ni dust in gelatin Intrapulmonary -

Payne®
Gilman?? ’ 1962 “ Ni3S2; NiO dusts in tntramuscular *
penicillin

Gilman 1963- ” Ni3S2 dust, discs, “ “

et al25:28-30:34 1966 chips
Jasmin4® 1963 - Ni3Sz dust in “ ) e

pencillin

Noble and 1963 - Ni3Sz dust “ “

Capsticks?
Heath and 1964 “ Ni dust in fowl - -

Daniel®? serum
Paynedd-44 1964, “ Ni3Sz; NiCO3; NiO i

1965 dusts in sheep fat .

Sunderman and 1965 ” Ni(CO) vapor Inhalation Squamous cell,

Donnelly4 anaplastic and

adenocarcinomas

special exposure chambers®? and detection
devicesi84® to safeguard investigators en-
gaged in inhalation experiments. During the
past year, our laboratory has investigated
alternative techniques of introducing nickel
into the lungs in an attempt to develop a
more convenient and less hazardous method
for the induction of pulmonary carcinomas.
These investigations have revealed that ad-
ministration of nickel carbonyl parenterally
to rats provokes acute clinical and patholog-
ical reactions which closely resemble those
which have previously been observed follow-
ing inhalation. In contrast to exposure by
inhalation, administration of nickel carbon-
yl by parenteral routes has the advantages
of safety, simplicity, and quantitative dos-
age.

Methods

The experimental animals were male rats of
the Sprague-Dawley strain weighing from 100
to 125 gm. All manipulations employing nickel
carbonyl were performed in a fume hood. Nick-

el carbonyl was dispensed from a small lecture

cylinder into a 1 ml glass-stoppered tube. Mi-
crosyringes with capacities of 5411 to 251 were
employed for injections parenterally by intrave-
nous, subcutaneous, and intraperitoneal routes.

Arch Environ Health—Vol 14, April 1967

Injections were made intravenously into a
lateral vein at the base of the tail, following
dilatation of the vein by exposure to a heat
lamp. Injections were made subcutaneously in
the interscapular region.

In order to determine median lethal dose
(LD,,) -values, nickel carbonyl was adminis-
tered by each of the parenteral routes to
groups of 40 rats. Each group was divided into
five subgroups of eight rats, corresponding to
the following dosage levels: 0.57, 1.13, 2.26, 3.39,
and 4.52 mg of nickel per 100 gm. These dosage
levels are equivalent to the following volumes
of nickel carbonyl: 125, 25, 50, 7.5, and
1041/100 gm. Except for being weighed each
morning, the rats were allowed to remain un-
disturbed in their cages. Rats which died in the
course of the LD, experiments were: autopsied,
and tissues were examined histologically. One
month after the injections of nickel carbonyl,
the experiments were terminated and the sur-
viving rats were killed, Computations of the
LD;, levels were performed by the probit meth-
od of Miller and Tainter.51

In order to follow the development of the
acute pathological reactions, nickel carbonyl
was administered intravenously in LDy, doses
to a group of 75 rats. Fifteen rats which re-
ceived sham injections served as controls. The
rats were killed by an injection of pentobarbital
intracerebrally at the following intervals after
injection: 0, 1, 4, 8, and 24 hours, and 2, 4, 7, 14,
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and 21 days. The following tissucs were exam-
ived  histolegically  after fixafion in Bouin's
fluid: thymus, heart. lungs, liver, pancreas, in-
testines, spleen. adrenals, kidneys, bladder,
testes, and tail. The right lung was fixed in the
distended state by bronchial infusion of Bouin’s
fluid. The left lung was fixed in the collapsed
state. The tissues were sectioned at 5x and were
stained by the following procedures: hematoxy-
lin and eosin, periodic acid-Schiff (PAS). phos-
photungstic acid-hematoxylin, Masson's tri-
chrome, and Wilder's method for reticulum.
Portions of lungs from selected rats were fixed
in osmium tetroxide. embedded in epoxy plastic,
and sectioned at 0.5z to 2.5x. These sections
were examined by phase microscopy and were
also stained with toluidine blue.

Results

Clinical Observations.—Initial Reac-
tions—The initial reactions to nickel car-
bony! administered parenterally resembled
those previously reported following inhala-
tion.10.52-55 The rats pawed at their snouts
immediately after the injections of nickel
carbonyl. Approximately 59, of the rats
died within the first hour after administra-
tion of nickel carbonyl in LD;, dosage by
the intravenous route. Some of the rats which
received nickel carbonyl in a lateral tail vein
intravenously developed transient paralysis
of the ipsilateral hind leg. Weakness,
anorexia, diminished intake of water, and
loss of weight were observed in all of the
rats during the first 24 hours after injection.

Delayed Reactions.—The rats usually re-
covered from the initial reactions by the end
of the first day and appeared essentially

" normal on the second day. Delaved reac-
- tions generally developed on the third day

after injection of nickel carbonyl in LD,
dosages by each of the parenteral routes.

The delayed manifestations resembled the
reactions which were previouslv reported
following inhalation of nickel carbonyl in
man“*-% and experimental animals.1.52-54
These reactions included tachypnea and
dyspnea, profound weakness, loss of weight,
inactivity, irritability, and ruffled fur. On
the third day, many of the rats which re-
ceived nickel carbonyl by injection intraper-
itoneally developed abdominal distention
which became most severe on the fourth and
fifth days. In all of the groups, death usually
occurred on the fourth and fifth days follow-
ing injection. During the hours preceding
death, the rats developed extreme dyspnea,
with cyanosis of the oral mucosa. The rats
which survived began to regain weight on
the sixth.or seventh days. No fatalities oc-
curred more than eight days following injec-
tions of nickel carbonyl.

Mortality Statistics—~LD;, Values.—
The LD;, values for nickel carbonyl admin-
istered by parenteral routes are listed in Ta-
ble 2 and are contrasted with previously
determined LD;, values for exposure by in-
halation. The LD;, for intravenous injection
waus 2.2 mg of Ni per 100 gm of body weight,
with a standard error (SE) of + 0.11. The
LD, dosage by subcutaneous injection (2.1
mg Ni/100 gm) did not differ significantly
from that by intravenous injection. It may
be noted from the SE, + 0.42, that the mor-
tality response following injection of nickel
carbonyl subcutaneously was more variable
than was obtained by intravenous injection.
The LD;, dosage by injection intraperi-
toneally was 1.3 +0.14 mg of Ni per 100
gm. As will be discussed subsequently, the
greater toxicity of nickel carbonyl following
injection intraperitoneally is attributable to
peritonitis. As shown in Table 2, the LD,
of nickel carbonyl was greater by parenteral

Table 2.—Acute Toxicity of Nickel Carbonyl in Rats

Authors Route
Present study Intravenous

- " Subcutaneous

- " . intraperitoneal
Barnes and Denz5?

inhalation
Kincaid et alst "
Sunderman and Hackettf

LDso + SE
{mg Ni/100 gm)

2.2 £ 0.11

2.1 + 0.42

1.3 + 0.14

(mg Nifliter of air) (mg Nifrat*)

0.14 (30 min) 0.17
0.08 (30 min) 0.10
0.20 (15 min) 0.12

*Assuming ventilation volume of 40 mi/min.23
tUnpublished data.
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REACTIONS TO NICKEL CARBONYL—HACKETT & SUNDERMAN 607

Fig 1.—Lung from a rat sacrificed four days after injection of nickel carbonyl intravenously, dem-
onstrating perivascular and intraalveolar edema, and thickening of the alveotar walls (PAS, X 100).

routes than by inhalation. Asswmning a venti-
lation volume for the 100 gm rat of 40
ml/minute,?3 and assuming complete reten-
tion of nickel, the LD;, of inhaled nickel
carbonyl is approximately 0.12 mg of Ni per
100 gm.

Pathological Observations.—Gross Find-
ings Following Administration of Ni(CO),
Intravenously.—No = gross pathological
changes were observed during the first 24
hours after injection of nickel carbonyl
intravenously. On the second day following

_injection, generalized visceral engorgement

was noted, particularly affecting the lungs
and liver. Pulmonary congestion reached
maximal severity on the fourth and fifth
days. The lungs of all rats which were killed
on the fourth day were dark red, firm, and
distended. The cut surfaces of the lungs
were slightly bulging, airless, and exuded

serosanguinous fluid. Gray areas of subpleu-

ral pulmonary consolidation were present in
many of the rats killed on the fourth day.
On the second to fourth days, the liver
showed moderate central congestion. By the

Fig 2.—Llung from a rat killed four days after in-
jection of nickel carbony! intravenously, demonstrating
hypertrophy and proliferation” of alveolar lining cells
(arrow [PAS, X 400]). ’
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Fig 3.—Lung from a rat killed four days after injec-
tion of nickel carbony! intravenously, demonstrating
atypical mitosis (arrow [PAS, X 2,500]).
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tion of nickel carbonyl intravenously, demonstrating
adenomatoid hyperplasia (arrow [PAS, X 4001]).

Fig 5.—Ltung from a rat killed four days after injection of nickel carbonyl intravenously, demon:
strating an area of alveolar destruction, with adenomatous hyperplasia and fibroblastic proliferation

(PAS, X 400).
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seventh day, the gross pathological changes
in the lungs and liver had diminished, aund,
by the end of the second week the organs
were grossly normal, except for focal pulmo-
nary consolidation. o

Microscopic Findings Following Adminis-
tration of Ni(CO), Intravenously.—The
most noteworthy pathological changes were
present in the lungs. By one hour after injec-
tion, perivascular edema developed around
the larger pulmonary vessels. Four hours
after injection the perivascular edema was
increased, and polymorphonuclear leuko-
cytes were present in the vessels and peri-
vascular tissues. At 24 and 48 hours, the
outer layers of the vascular media were se-
verely edematous. Polymorphonuclear leu-
kocytes accumulated in the capillaries and,
to a lesser degree, within the alveolar spaces.
The alveolar lining cells were numerous and
were increased in size. The lining epitheli-
um of the bronchioles was taller than nor-
mal, with enlarged nuclei and with in-
creased number of mitoses.

The pathological reactions in the lungs
were maximal on the fourth day after injec-
tion of nickel carbonyl (Fig 1). The most

striking cellular allerations affected the al-
veolar lining cells, which were extremely hy-
pertrophied and hyperplastic (Fig 2). Their
nuclei were enlarged, and their nuclear
membranes were irregular and stained dark-
ly. Dense nucleoli were present, usually ad-
jacent to the nuclear membrane, and sur-
rounded by clear nucleoplasm. Binucleated
cells were common, and numerous atypical
mitoses were noted (Fig 3). The majority of
the alveolar lining cells had abundant cyto-
plasm. Tangled fibrillary networks, which
stained purple by the hematoxylin and eosin
and PAS techniques, were present through-
out the éytoplasm. The interstices of the
fibrillary networks were clear, giving the cy-
toplasm a reticulated appearance. Eecause
of the distortions of the alveolar lining cells,
no differentiation could be made bstween
type 1 and type 2 pneumocytes.

Foci of adenomatous transformation were
observed in the lungs of the rats which were
killed on the fourth day after administration
of nickel carbonyl (Fig 4). Within these
adenomatous foci, the alveoli were lined
with cuboidal or gcolumnar cells without
cilia. The round nuclei of these cells were

Fig 6 —Lung from a rat killed 21 days after injection of nickel carbony! intravenously, demonstrat-
Ing thickening of alveolar septae owing to interstitial hypercellularity (PAS, X 250).
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610 REACTIONS TO NICKEL CARBONYL—HACKETT & SUNDERMAN

basal or central in location, and contained
prominent nucleoli. The cytoplasm of these
cells was amorphous and stained lightly by
all techniques. These cells resembled lining
cells of terminal bronchioles, but only rarely
were there any apparent connections be-
tween these cells and the terminal bron-
chioles.

Microscopic study of the areas of the
lungs which appeared consolidated on gross
examination revealed destruction of the al-
veoli (Fig 5), extensive fibroblastic prolif-
eration, and accumulation of mononuclear
histiocytes. Large mononuclear cells were
abundant in the interstitial spaces through-
out the lungs, as well as within the alveolar
spaces. The cytoplasm of these mononuclear
cells was frequently vacuolated. The bron-
chiolar epithelial cells were increased in
height, and contained increased amounts of
PAS-positive material within their cyto-
plasm. The endothelial cells of small and
medium-sized vessels were characterized by
prominent nucleoli and abundant, eosino-
philic cytoplasm. Staining by the PAS tech-
nique revealed diffuse thickening of the al-
veolar basement membrane. Throughout the
lungs the basement membrane was changed
from its normal thin and delicate structure
to an uneven, fibrillary appearance.

Seven days after injection of nickel car-
bonyl, the pathological reactions in the lungs
decreased in intensity. Hypertrophy and
hyperplasia of the alveolar lining cells per-
sisted, but the nucleolar and chromatin ab-
normalities were less prominent, and the
number of mitoses was reduced. Foci of ade-
nomatous transformation and areas of pul-
monary fibrosis were apparent. Further
regression of the lesions was noted at 14
days, and 21 days after injection of nickel
carbonyl, microscopic examinations showed
that the lungs were essentially normal, ex-
cept for interstitial fibrosis (Fig 6). It
should be noted that no pathological lesions
were observed in the lungs of any of the con-
trol rats.

Mild pathological changes developed in
the livers, kidneys, and adrenal glands of

rats which had received injections of nickel

carbony! intravenously. On the fourth day,
centrilobular congestion was present in the
liver, associated with the loss of PAS s{nin-
ing. In the kidneys, sporadic vacuolization

-

was found in the proximal convoluted tu-
bules, but tubular necrosis was not observed.
In the adrenal glands, there was intense
congestion of the cortical sinusoids, but
hemorrhage was absent. Sections through
the injection site in the tail revealed subcu-
taneous edema in some animals, with ve-
nous engorgement and occasional venous
thrombosis.

Pathological Findings Following Admin-
istration of NiCO, Subcutaneously and In-
traperitoneally.—The gross and microscopic
alterations which were observed after injec-
tions of nickel carbonyl subcutaneously and
intraperitoneally were more variable in de-
gree than those which developed after injec-
tion intravenously. The pulmonary findings
in rats which received nickel carbonyl by
these routes of administration were identical
in character to those which were observed
following injection of nickel carbonyl intra-
venously. The rats which received nickel
carbony! by injections intraperitoneally de-
veloped peritoneal effusions within 24 hours.
Purulent peritoneal exudates were frequent-
ly observed in rats which died on the fourth
to seventh days after injection intraperi-
toneally. Evidence of peritonitis was absent
by the third week after administration of
nickel carbonyl intraperitoneally.

Comment

The pulmonary parenchyma has been
found to be the target tissue for nickel car-
bonyl, regardless of its route of administra-
tion. Injections of nickel carbonyl giveén
intravenously have proved to be an effective
method of exposing the lungs to nickel. This
method of exposure to nickel is simple, rap-
id, and inexpensive. It appears to be more
quantitative than exposures to the inhala-
tion of nickel dust, and is less hazardous
than exposure to the inhalation of nickel
carbonyl. Moreover, administration of nick-
el carbonyl intravenously assures contact of
nickel with the pulmonary parenchymal
cells, bypassing the protective effects of the
mucus stream and the ciliated cells. For
these reasons, injections of nickel carbonyl
intravenously are currently being employed
in our laboratory in an attempt to induce
pulmonary cancers,

Arch Enviren Health—Vol 14, April 1967
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The present study has demonstrated that
the clinical and pathological reactions to
nickel carbonyl given puarenterally closely
resemble the reactions which have been ob-
served previously in man and experimental
animals following the inhalation of nickel
carbonyl! vapor. The cytologic abnormalities
which developed in the alveolar lining cells
were virtually identical to those described
by Barnes and Denz,5* Brandes,’$ and by
Sunderman and coworkers.5 The peak
mortality following parenteral administra-
tion of nickel carbonyl occurred approxi-
mately one to two days later than the peak
mortality which was previously reported fol-
lowing inhalation of nickel carbonyl.73.55
This finding is probably attributable to the
fact that the previous investigators em-
ployed greater than LD;, doses. It should
be emphasized that from a quantitative
viewpoint, the toxic doses of nickel carbonyl
by parenteral routes are not directly compa-
rable to the toxic doses following exposures
by inhalation. It cannot be discerned from
the present investigation whether the prolif-
erative alveolar response to administration
of nickel carbonyl parenterally is a direct
result of intracellular reactions of nickel, or
whether it is a secondary response to de-
struction of the alveolar septae. A direct in-
tracellular toxic reaction is suggested by the
bizarre nuclear configurations and atypical
mitoses. Alternatively, the fact that the
pathological lesions did not reach maximal
severity until four days after injection of
nickel carbonyl suggests that the lesions
may be manifestations of a reparative
process. It should be emphasized that the
pathological reactions in the lungs are not
specific for nickel poisoning. Similar prolif-
eration and hypertrophy of alveolar lining
cells have been reported by Tennant et alss
in the lungs of a man who died from acute
mercury pneumonitis, and by Totten and
Morant? in the lungs of rabbits treated with
cortisone prior to injection of nitric acid in-
tratracheally. The possible relationship be-
tween the acute pulmonary response to toxic
agents and the mechanisms of chemical car-
cinogenesis in the lungs is a subject for spec-
ulation. Meyer and Liebow?s have recently
reviewed the evidence for a relationship of
atypical epithelial proliferation to the devel-
opment of pulmonary cancer. They have

concluded that the toxic action of diverss
agents upon the lung is manifested by a
final common pathway which includes re-
generative hyperplasia, atypical epithelia]
proliferation, and ultimately, neoplasia.

Armit® has reported that the addition of
nickel carbonyl to plasma or whole blood in
vitro results in the formation of a colloidal
suspension of hydrated nickel carbonate, ac-
companied by liberation of carbon monox-
ide. If this reaction oceurs intravascularly
following the injection of nickel carbonyl by
intravenous route, the observed pathological
reactions may result from retention of col-
loidal nickel carbonate in the pulmonary
capillary bed. On the other hand, the studies
of Amor,36 Ghiringhelli and Agamennone,t9
Henriot and Richet,70 Langlois, 1 Trout,™
and Vahlen™ have indicated that nickel
does not undergo rapid decomposition upon
contact with blood or body tissues in vivo.
It is possible that nickel carbonyl vapor may
be excreted by the lungs following adminis-
tration by parenteral routes, and that the
acute pathological reactions may result from
contact of the pulnionary epithelium with
intact molecules of nickel carbonyl. Investi-
gations employing Nis3(CO), are currently
being undertaken in our laboratory in an at-
tempt to settle this controversy and to eluci-
date the biochemical and ultrastructural al-
terations which are responsible for the acute
toxicity of nickel carbonyl.

Summary

In previous investigations, pulmonary
carcinomas have been induced in rats fol-
lowing inhalation of the toxic vapors of
nickel carbonyl. In the Present investiga-
tion, administration of nickel carbony! par-
enterally has been studied in an attempt to
develop a more convenient and less hazard-
ous method of introducing nickel into the
lungs. The LD., values for nickel carbonyl
were found to be 2.2 + 0.11 mg Ni/100 gm,
by injection intravenously; 2.1 + 0.42 mg
Ni/100 gm by injection subcutaneously;
and 1.3+ 0.14 mg Ni/100 gm by injection
intraperitoneally. The acute clinical and
pathological reactions to injections of nickel
carbonyl by parenteral routes developed pri-
marily in the lungs, and to lesser degree in
the liver, resembling the reactjons which

Areh Environ lHealth—Vol 14, April 1967

PR TV S

242



B

612 REACTIONS TO NICKEL CARBONYL—HACKETT & SUNDERMAN

were previously observed following inhala-
tion of nickel carbonyl. Pulmonary histolog-
ical changes were characterized by focal
adenomatous transformation and by diffuse
hypertrophy and hyperplasia of alveolar lin-
ing cells, with increased mitotic activity and
cytologic abnormalities. The pulmonary

-

parenchyma was found to be the target tis-

.sue for nickel carbonyl, regardless of its

route of administration.

This investigation was supported by US Atomic
Fnergy Commission Grant No. AT-(40-1)-3461; by
American Cancer Society Grant No. E-374 A, and
by National Institute of Health Grant No. FR-
05361-04.
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ECOLOGY

The new science of ecology has shown that habitat is primary in determining the life of
every organism, and man is no exception.—Entwistle, Clive: Roads to Ruin, The New
York Times Book Review, Sept 4, 1966, p 3.
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) " ACTIVATION OF ENZYMES -
1IL THE ROLE OF METAL IONS IN THE ACTIVATION OF AR-
- CGINASE. THE HYDROLYSIS OF ARGININE INDUCED
" . BY CERTAIN METAL IONS WITH URFASE
"By LESLIE HELLERMAN axp MARIE E. PERKINS

[ ]

: (From the Department of Physiological Chemistry, the Johns Hopking Uni-

versi(y, School of Medicine, Baltimore)
< % (Reeeived vfor‘pub]ic'ation, August 22, 1935)

. Eaxlier papers from this Iaboialbry have dealt with the activa-

- tion of urease (1) and of bapain (2), with emphasis; particularly,

upon reversible inactivations by oxidizing agents and by certain
organometallic ‘compounds. This communication describes an
investigation of the markedly differing activation chemistry of the
€nzyme, arginase. There is stressed the conspicuous réle appar-
‘ently played by metal ions in the arginase-arginine reaction, a
study of which has disclosed the conditions under which hydrolysis
of arginine may be extensive when induced only by certatn metal
ions with urease. . :
Although enzyme literature is replete with descriptions of the

~activating and inactivating cffects of various reagents (¢f. (3)),

there have appeared only rceently reports of investigations in
Which has becn attained a measure of sucerss in the correlation of
Some of these effects in terms of a rational chemistry,  Progress
has been impeded in part by the difficulty of obtaining most.
€nzymes in a state of even approximate purity or in the reproduc-

. tion by different workers of crude enzyme preparations possessing
Sufficiently constant behavior.

- For our initial studies in this field we selected crystalline urenso-

. &nd papain, the properties of which promised relative frecdom from

these, difficultics. Controlled inactivations of these enzymesg by
Various oxidizing agents were found to be extensively reversible,
the reversals being effected by a number of reducing substances.
The inactivating effects of cuprous -oxide and certain organic
o ’ 175 :
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mercury derivatives, which are known to be mercaptide—forming,
were likewise shown to be reversed by suitable reagents. The
results as a whole seemed to support the tentative hypothesis that
for urease or papain such effects may largely be attributed tq

reversible chemical actions upon thiol groups which for the present, -

may be assumed to be integral substituents of the enzyme mole.
cules themselves! 2 (1, 2). :

While this simple and attractive picture may.wcll reﬁéct a

phenomenon of considerable biochemical importance, it can by ng
means be regarded as universally applicable. This is sufficiently
illustrated by a consideration of the diverse, and often contra.
dictory, findings of many recent investigators of arginase activa.
tion. The earlicr opinions of several investigators (8, 9) concern.
ing the réle of organic thiol compounds, e.g. glutathione, as specifig
activators of arginasc were abandoned when it was found (10) that
the effects of such compounds are variable and that ferrous ion,
alone or used together with sulfhydryl (11, 12) or with certain
other organic compounds (13), is a much more characteristic
activator. Little progress has as yet been made in defining
arginase activation (14, 15) in terms of a reversible oxidation-
reduction process, and there exists among various workers upon

this aspect no agreement as to the significance of the results
. obtained. . '

Using a liver-enzyme preparation of satisfactory stability and
potency, of a high degree of specificity® as arginase, and free of
thiol compounds that respond to nitroprusside, we have ascer-

tained that the arginase action neither is significantly altered by

'3 The work of Shﬁfachman, Héllerman, and Cohen (4) diselosed s striking
and perhaps significant analogy to these observations upon urease and |

" papain in the effects of oxidation-reduction and mercaptide-forming agents

upon the lytic action of hemolysin of pneumococei, Type IL .

2 The concept of enzyme aciivity control through reversible oxidative
attack upon a grouping of the enzyme molecule was independently sug-
gested by Bersin and Logemann (5) in a paper upon papain which appeared
shortly after our communieation upon uresse and before our own experi-
mental work with papain activation was completed. Maschmann and
Helmert (6) suggested that the activation of cathepsing and of papain by
HCN is related to the reduction to thiol of-dithio groupings in the protein-
enzyme molecules, and Bersin subsequently (7) interpreted his findings in
terms of thiol chemistry.’ o :

$ Unpublished work of Chester Stock and the authors. -

«
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"me'rcapt\‘idc—forming -orgahometcurials' 'v(e.g. CHHgOIT) nor is
" enhanced by sulfhydryl compounds like cysteine. Certain other
- reducing agents, e.g. bisulfites, cyanides, and hydrogen sulfde,

which are also coffective papain activators, likewise fail to activate

- this arginase. On the other hand, we have found that arginase -

activity is enhanced under certain conditions by any one of the
jons, Co*t, Nit¥, or Mntt, as well as Fet+. Indeed, the activity

is apparently restored and brought to its maximum Ly the simple
~ addition of cobaltous ion after treatment of the enzyme with such

inhibitors as quinone, ferric jom, of jodine. Furthermore, arginase

* is suppressed by cyanide or by hydrogen sulfide, although partial
- testoration from the action of the latter is- readily effected by

suitable removal of the cxcess reagent; and the activity is more
completely reestablished by the subsequent addition of an appro-

priate “bivalent” metal jon.  These observations reveal & striking

contrast between the mode of activation of arginase, o0 the one
hand, and of urease or papain, on the other. They bring into’

- sharp focus the probable significance of metal ion chemistry for the

arginasc-arginine reaction. ‘ .
This is of additional interest in view of the remarkable fact,

disclosed by this work for the first time, so far as we are aware, that
arginine (without arginase) is readily hydrolyzed, even at pH 7.5
at 30°, in the presence of certain metal ions (Cot++, NitH, Mnt+)
when urease (crude jack bean or the crystalline protein enzyme) 1s also
present in the reaction mixture. Quite apart from its inberent
theoretical interest, the latter discovery requires consideration in
counection with certain analytical operations in addition to those
actually concerned with the study of arginase catlalysis.

Methods

_ Arginase Preparation'—The freshly excised liver of a calf is cut
iuto small pieces which are placed in crushed ice, in 8 glass con-
Mainer. The chilled tissue (about 2 pounds) is ground and mixed
- well during 1 hour with 300 ml. of glyeerol (U.s.r). The mixture
s pressed through geveral layers of muslin (in & meat press),
Yielding an extract of perhaps 50 ml.  For present purposes this
is disearded, and to the residue from this extract are added 500
“ml, of water, This mixture is stirred 3 to 1 hour, after which it is

1¢r. (16).
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pressed through muslin, yielding an extract of about 220 ml, - Th

residue may be profitably recxtracted and worked up furth(-r, it
desired. To the fluid extredt is added toluene, 25 mk., and, aftey
being well shaken, the mixture is allowed tostand in a refrigeraiq,
for 12 hours. It isthen centrifuged 1 to 1} hours (at 2400 R.P.yr),
The top toluene-fat layer and a emsll amount of solid on the bot.
tom are discarded. To the somewhat cloudy middle Iayer is addeg
acetone (U.s.r.) until the precipitation of solid material is complete,
After the precipitate has settled, most of the yellow Fupernatayg
liquid is removed by decantation ; the solid is collected on Buchy,
funnels and washed well with acctone (c.p.). It is air-drieq on
sheets of filter paper for removal of residusl acetone, after which
is dried in a vacuum desiccator over P:0;. Thiz erude 'enzyme
powder (about 13 gn.) may be kept in a glass-stoppered bottl, at
room temperature.  Aqueous extracts of such material provideq
the arginase used in this work. As implied in the foregoing,
continucd extraction of the liver tissue with appropriate subse.
quent manipulations yields more crude arginase. The details wepy

worked out with the aid of determinations of enzyme activity upon

all fractions and this guided the selection of the fraction actually
used. .
Arginase Sclulion—A solution of enzyme is f reshly prepared by

addition of 5 mg. of the sclid freparation to each nil. of redistilleg

water taken; the mixture is stirred, heated 2t 87° for 1 hour, ang
filiered. The residus is discarded. The clear filirate eontaing
tke enzyme tetivity and will Le called hereafter arginase solution,

Such extracis have not yet been fully exsmined chemnically or

-&pactrographically.  Coagulable protein is present; . compounds

that respond to the nitropruseide test are absent; extracts, heated
with alksaline plumbite, yicid PLS. It may be notcd that this
enzyme preparation Lzs been found to be rather highly specifie
85 arginase. Work by Chesier Stock and the authors (o be
deseribed in a later communication) kas demonstrated that this
arginase fails to catzlyze the hydrolysis of e-hydroxy-s-guanide-
valeric aeid (argininie acid) or ¢-guanidovaleric acid vnder condi-

Dclermiralion of Arginase Activity—The development. of a

quantitative method suited to this problem was aided by reference
. to the work of Jansen (17), Edibacker (18), and Hunter (19) aud
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- their collabérators. The urea formed by hydrolysis of argihine :

was determined essentially by Marshall’s method (20) as adapted

* to precision work by Van Slyke and Cullen (21). There follows a
" description of a typical experiment. . o

Water redistilled in glass apparatus was used throughout. Argi-
nase solution was prepared from some arginase powder which had
stood for several months. To 2 ml. of this, contained in a 25 ml:
volumetric flask, were added 8 ml. of water and 5 ml. of 1 M phos-
phate buffer, pH 7.5." In a parallel determination there then were
tdded 3 mg. of cobaltous chloride (CoCly-6I1,0). Each mixture
stood 15 minutes (at 25°), after which it was brought to 37° and
treated with a few drops of caprylic alcohol and a solution of 45 mg.
of arginine carbonate (or an equimolar amount of arginine hydro- /

. chloride) in 1 ml. of water. Hydrolysis was permitted to proceed

&t 37° for exactly 2 hours; the flask was plunged into boiling water
and held there for 10 minutes, after which it was cooled to room
temperature and thé following additions made, in the order -
named: phosphate buffer (1 M, pH 7.5) 5 ml., sodium bisulfite
5 mg., sodium cyanide 16 mg., and 0.1 gm. of jack bean urcase
powder (22). The volume was brought to 25 ml., a few drops of
caprylic alcohol added, and the mixiure kept at 30° overnight,
after which it was filtered. Of the aqueous filtrate, 10 ml. were
added to 10 ml, of saturated K,CO; solution and a few drops of
caprylic alcohol, and the ammonia carried into 0.02 N HCI by
aeration for 2 hours. The excess HCI was titrated with 0.02 n
NaOH, chlor-phenol red being used as indicator.

The results were as follows: With Co++, ammonia in 10 ml. was
found equivalent to 6.70 ml. of HCI (0.02 N) after correction by
Subtraction of a blank (0.23 ml.) obtained in a control in which
arginine alone was omitted; without Co*+, 3.65 ml. (corrected).
In a control in which arginase was omitted (Co** and arginine
Present) and urea, 10.0 ing., added immediately before the 2 hour

‘incubation at 37°, the acid found equivalent to NH; (from 10 ml.

of filtrate) was 6.61 ml. (corrected), the calculated amount (7.e.
Quivalent to 4 mg. of urca) being 6.67 ml.; the correction was
2pplied by subtraction of 0.47 ml., obtained in a similar control

. %ith urea absent.

Discussion of Method—The development of details of the method
Need not be discussed at length.  Some of the factors considered
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will be treated briefly. Arginase solution from recently prepareq-
arginase powder was usually found to be more potent (when nop.
activated by Co*+, etc.) than the extracts of older preparations;
however, the maximal activities (activated enzyme) rema.ine(i
fairly constant for months. Some variations are, therefore, to he
anticipated in the activity of different crude preparations and in
preparations of varying ages. oo T

In the typical determination (cited above), phosphate in the

_reaction mixture was about M/3. Increase of the phosphate

concentration to 2 M, other conditions being unchanged, resulted
in a decline of about 15 per cent in apparent activity; enhancement
of activity accompanied a decrease to 0.1 » in the phosphate con-
centration. A systematic determination of the effect of ionic
strength was not of immediate imporiance. In a series of experi-
ments in which veronal (23) buffer (pH 7.5), present in.a concen-
tration of 0.07 M, was substituted for phosphate buffer of the same
pH and concentration, the enzyme activity was not significantly
changed. However, specific and general salt effeels may become
of great moment, as is demonstrated by the observations of Hun.

" ter et al. (19) of the marked depression of the act ivity by borate in

comparison with the effects of certain other buffers (pH, un-
changed); similar results were obtained with this arginase. The
relation of pH to arginase activity has already been evaluated

- (18, 19). For work at pIl 9.5, we used Sérensen’s glycine buffer,
_taking due account of the potential reactivity of glycine toward
“various reagents (e.g. oxidizing agents). The arginine salts used
_ were preparations from gelatin, made and purified in this labora-

tory, or high grade commercial products. - - o
_Sodium bisulfite (used especially when quinone had been pre-
viously added, and not necessarily otherwise) and sodium cyanide

~ were added in order to protect urease against the action of various

reagents; e.g., cxcess quinone, metal ions, ete. (¢f. (1, 2)). Itwas’

' amply demonstrated by means of suitable controls that the accu-
racy of the urea estimations was not impaired.  An additional,.
indispensable function of the cyanide will be discussed later.

" Fosse’s xanthydrol method (21) for the estimation of urea ag
adapted to arginase determinations by Karrer and Zehender (25),

_ was found of some utility for qualitative purposes but of limited

value for the quantitative nceds of this work.- Although no

-
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precipitation of dixanthydryl urca was obtained from mixtures in
" which hydrolysis of arginine had not taken place, the weight of this
derivative obtained from hydrolyzed material was oceasionally far '
" .in excess of that anticipated on the basis of parallel urease deter-
minations. Such dixanthydryl urea was found by analysis (N)
to be impure and to contain ash. _ . S

DISCUSSION OF RESULTS

; A detailed account of the numerous individual cxperiments
underlying this work will not be attempted. A few representative
dats are tabulated to illustrate, the magnitude of the effects ob-

-served under specified conditions. The experimentation has
neeessarily been guarded at every stage by adequate control
determinations.

"It should be emphasized at once that comparisons of the results
of different investigators in this field must take account of the
varying experimental conditions employed. Arginase prepara-

n i _tions are at best crude mixturcs, varying greatly in their content

! of extrancous material. -This material contributes to the activa-

; tion picture and modifies the effects of added reagents. The

hydrogen ion concentration of the reaction mixture nccessarily

influences the action of many reagents. Specific effects of a buffer

: salt may not be predictable. For example, ferric ion or selenious
. k oxide abolishes the activity of our preparation when added to the

H i enzyme before, but not after, the addition of phosphate buffer

i (pH 7.5); cobaltous ion activates regardless of the order of addi-
. tion. Much of the arginase work already reporied rests upon
: determinations of activity in glycine buffer at pH 9 to 9.5, pre-

; sumably because this is near the pH range of optimal activity for

drginase. The preparation used by us was found sufficiently

aetive in phosphate of pH 7.5, a less “favorable” region, where,

Wwwever, the enzyme is more stable (19) and the effects of many

added reagents are apparently accentuated. Most of our results

are based upon work in the lower pH range, although comparisons

‘ ) Were frequently made at pH 9.5.

. Activating Effects of Metal Tons—The activating cffect of ferrous
lon upon arginase has already been emphasized by several authors.

t has becn shown that this activation is often more reliable and

. Pronounced when the ¥e++ is uscd together with organic thiol

P

oot o e e ——

———




f

182

Activation of Enzymes. III

TABLE 1

Effects of Reagents upon Argmaso Activity; Activations, Imwtwatwns, and

Reactivations by Specified Reagents

The procedure was essentianlly the same as for the typical experiment
described under “Methods;” exceptions are noted. Activitics are ex-

pressed &s ml. of 0.02 N HCI (corrected), equivalent to NH; present in

10 ml. of filtrate after urcase action (10 ml. = two-fifths of the reac-

tion mixture).

Corrections were applied ‘on the basis’of controls (cf,

*“Methods’’).
| ) iy
Mt |t Rongont added somer
initial sicléxgv';(t)
activity| -y
ml. ml.
A to It | 3.42 | CoCly-6H,0 6.35
G 3.06 | MnSO.-4H,0, 2 mg. 5.56
Same Ni(NO;:)s-6H:0, 3 mg. 5.61
Hi 4.19 | Co(NO;),-611,0,3 6.00
Same ZnS807H,0, 3 mg. 3.66
1§ 5.02 | Cysteine HCI (neutralized), 6 mg. 4.31
Same I3, 0.01 N, 0.6 ml. ‘ 0.00
“ Same 4 CoCl;-6H,0, 3 mg. I 7.29
Ji 3.65 | CoCly-6H,0, 3 mg. . 6.46
Same NaH80;, 5 mg. 3.3
“ Benzoquinone, 1 mg. - 0.3¢4
" Same - NaHS0;, 5 mg. 0.04
o« %+ CoCls-6H,0, 3 mg. _ 4.87
- 4 % 4 Ni(NO,):-6H:0, 3 mg. - . . 3.713
“ Cot o TeS0.7HL0, 3 mg.. & ~h10.28
" “ 4+ cysteme HcCt (neutmhzcd), 6 mg, 1.7
o “o4 “ ¢ + FeSO,- 7H,O 3mg. . | 8.9
K 3.60 | Fes(S00)s, 2 mg. . 0.20
. Same -+ CoCl;-6H.0, 3 mg.§ . £ 2.51
“. . Fes(804),, 2 mg.** - . 2.47
L 5.90 | CJH,HgOH, 3 mg. + C.H.CH,HgCl 3mgtt | 579
Mit 3.86 | K;Fe(CN)s, 10 mg. 2.24
“ K;Fe(CN);, 3.3 mg. 248
" K Fe(CN),-3H0, 4.2 mg. ' ©13.65
“ Ni(NO,),-61H,0, 2 mg. 4 K;I‘e(CN)., 33mg. - |5.23
o MnS0;-4H,0, 2 mg. 4+ K;Fe(CN)s, 3.3 mg. 4 .37 .
- N§§ - 3.00 | H;S water (saturated; about 0.1 M), 5 ml. 0.75
Same Same + Nj treatment 1.85
R “w g “ 4 CoCly 611,0 31 mg. | 6.8

* Arginase solutions are arbitrarily lettered, for convenience,

260
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TaBLE I——Coné_luded‘ .

. 1 Average of six determinations; thé enzyme golution in each instance -

was freshly prepared from the same stock sample of powdered arginase;
Initial activities varied, 3.12 to 3.67 ml.; with cobalt (0.1 to 3 mg.), 6.44 to
685 ml. Magnitude of corrections: determination with cobalt, enzyme
omitted, 0.33 ml.; with cobalt, boiled enzyme solution present, 0.43 ml.

{ Deviatlions from fypical delermination: arginase solution 1.0 ml,,
glycine buffer (0.02 M, pH 9.5) 10 ml,, instead of phosphate in the initial
mixture; cobalt or zinc salt added 15 minutes before the addition of buffer.

§ The initial reaction mixture to which reagents were added consisted
of 5 ml. of arginase, 4 ml. of water, and 10 ml. of phosphate (1 m, pH 7.5);

the volume of the arginase-arginine digestion mixture, 21 ml.; the reagent
first added was permitted to act 30 minutes before further additions. The

addition of cysteine with Co*+ (after Iy), in & parallel determination,
introduced no observable change fram the effect of Co*+ alone; “‘activity”

when Co*+* was added directly to the initial mixture, 8.24 ml. (93 per cent

bydrolysis); for Nit* instead of Co*, 7.77 ml. When ures, 10.0 mg., waa

added sfter jodine and NalISO;, 10 mg. (arginine present and arginase

omitted), the results were: found, 6,53 ml.; calculated for 4.0 mg. of urea
(o 10 m). of urense-filtrate), 6.67 ml. The magnitude of reactivation
from iodine by nickel or manganous salts, or FeS04 7H,0 (added as a solid
after the addition of some eysteine), was of the order of 60 to 75 per cent
:_f the cobalt effect. Cysteine, nlone, occasionally effected slight reactiva-
ion, : : -
| Each added rengent was permitted to act 20 minutes before any further
addition. Control determinations of urea in the presence of arginine and
various added reagents (arginase omitied) gave satisfactory results.
§ Ferric salt added before phosphate; phosphate added before cobalt
addition.
*+ Added effcr phosphate.
. 1t Added to arginase, 5 ml.; the mixture stood 1 hour before the addi-
tion of 10 ml. of phosphate.
1t Reagents were added (after phosphate)in the order named in intervals
of 20 minutes; somewhat similar effects were observed when glycine (pH 9.5)
uffer was used after addition of reagents to the enzyme, but the magnitude

ot the changes was less. :

§§ The second end third digestions were in purc Ny (¢f. '‘Other
Teagents'). : o

tompounds or certain other substances with which it might com-
bmp to form ferrous complex ions. Such results have also been
obtained in this work. - This action of ferrous ion is usually inter-

‘Preted in terms of 4 reduction. It seemed to us that this inter-

Pretation might require modification in view of our observations

of the failure of reducing agents of greater potency, such as HCN,
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H.S, organic thiol compounds, etc., to activate under varying
conditions. Thus,- the “effect might be rclated” to some - other
attribute of the ferrous ion, specifically the property of coordina-
tion (¢f. (26)) with suitable molccules (e.g. derivatives of NHj).

This conception, which involves no unique property of ferrousion,

prompted experimentation with a variety of ions, with the result
that jons of {he other metals of the iron triad (Cott and Nit¥)
and, in addition, Mnt+ (of. (27)) were found to be excellent
activators. Typical results are recorded in Table L. The arginase
in freshly prepared enzyme powder is more active than in older
preparations, but the enzyme in preparations several months old is
extensively activated in the presence of these ions. The effeets

" are less pronounced at pH 9.5 (glycine buffer) than at pH 7.5, and

this is especially true for Ni++. Cobaltous ion appears to be the
most potent activator. The. ions, Cd++ and Zn++, exhibit no

* comparable effect; Cd++ possibly activates slightly, while Zn*+

is inert or actually depressant (e.g. at pH 9.5). Certain ions
abolish the activity, apparently in part by precipitation of enzyme

. substance. Examples are Cu*¥, Hg*+, Agt, and PtCle. Par-

tial restoration from the action of Cut+ is occasionally effected by

removal of the cupric copper by means of the prolonged action of

. g ginc-platinum couple. In such instances, the furtlier addition

of Co*+ results in increased reactivation., ,
“ From controlled inactivations of arginase by quinone, iodine, or
ferric ion, the activity is readily restored and usually maintained

at its maximum by suitable addition of cobaltous jon. Nit+and"
© Mnttact gimilarly but in different degree. :

Magnitude of Activation by Cot+—This is most conveniently
gaged by a comparison of the relative rates of hydrolysis of arpi-
nine, catalyzed by arginase with and without Co**.. Table 11
records some preliminary results. Such observations are being

- extended; their implications for arginase action need not be dis- |
_* cussed here; It may be noted that, in the determinations with
- cobalt, the reaction constant, caleulated on the basis of an uncom-

-plicated pseildounimolecular‘ reaction, exhibits over the range
t = 31.5t018L5 minutes (arginine, about 85 per cent hydrolyzed)

N a rather small deviation from the average value. This may be
- somewhat fortuitous with the few data presented, but is certainly
© - Jess true for the hydrolysis twithout coball. The duta afford 8

L

-
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basis for rough comparison, and show; further, that under the -

conditions the hydrolysis, with coball, is apparently ncarer com-

pletion after 20 hours or less than after 48 hours, without cobalt. =
These observations. suggest possible advantages in the use of -

‘cobaltous chloride with arginase, undet proper conditions, in
certain estimations of argininé, e.g. in biological material.

) — Tasre 11 C et
~ Magnitude of Activation by Cobaltous lon

"

©" The procédure was similar to that of the fypical experiment deseribed *°
under “Methods.”” The determination after 121.5 minutes was. inadvert- -

ently omitted in the series with coball. Each result represents an inde-
pendent determination; all determinations were started on the same day,
one preparation of arginase solution serving as source of enzyme for all.

The reaction constants, K and Ko, were calculated rather empirieally
with the use of the equation K = 1/t In{a/a — z); time, {, iz expressed
in minutes; for a is used 8.66, the number of ml. (corrected) of 0.02 v HCI
found equivalent to ammonia in 10 ml. of urease-filtrate after 48 hours
hydrolysis of arginine (cobalt present), as compared with 8.82, nl. caleu-
lated (complete hydrelysis of the arginine used); for 2 is used the corre-
sponding number of ml. (corrected) of 0.02 N 11CY found equivalent to
urea set free during time of arginine hydrolysis, ¢. o

Arginase (nou-activated) Arginase + CoCly 6H O
Time of N
bydrolysia ogi?izvla‘lcﬂn?},o K (calculated) eg\?x-\:lg:i?‘to Ky (caloulated)
urea formed urea formed :
min.’ ml. ml.
31.5 1.39 0.0056 2.43 0.0104
€1.6 1.81 0.0038 4.01 0.0101
121.5 3.31 0.0040
181.5 4.12 0.0036 7.45 ~0.0108
Ars. ’
20 7.10 8.67
48 8.24 8.66

Other Characteristics of Activation by Co++—Series of parallel
determinations of arginase activity, influenced by CoCl;-6H-0
added to the reaction mixtures seriatim in specified increments
from 0.001 mg. to 6.0 mg. show that the minimum concentration of
Co++ for maximal activation under the conditions is of the order
L5 % 10-5 m. This is illustrated Dy typical data of Table III.
The corresponding optimal concentration for Ni** may be placed

it about 2 X 1074 M (a preliminary value). The ions (without

L.'Hellermah and M. E. Perk_ins' \ 185
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arginase) do not as such display catalytic properties under thg
conditions; this is proved by controls and by series of experimentsg
in which Co** concentration is held above the optimal and thg
amounts of arginasc varied, from which it appears that the catq.
lytic action is directly proportional to the amount of arginage
added, with or without Co++; the data are actually more consxst.
ent when Co++ is present. .

!

_ Tarre HI ;
Activation of Arginase in Relation 1o Cobaltous Ion Concentration

Procedure—The specified amount of cobalt chloride in 1.0 ml. of w ater,
added to arginase solution 0.5 ml., water 10 ml., anrd phosphate (1 N,
pH 7.5) 5 ml.; the mixture stood 20 minutes before thc addition of argmme
carbonate 45 mg., in water, 1.0 ml.; digestion time, 3 hours; NaHSO; (byy
not NaCN)* omitted. The data arc recorded in the two left-hand columns;
initial activity, expressed as ral. of 0.02 N HCI,; 1.69. In the two right.
hand columns are recorded data from a similar series, by the same pro.
cedure except that arginase solution, 2.0 ml., was used and the digestion

~time was 2 hours; initial activity, 3.97.

0.02 x HCL . 0.02 x HC}
CoClr- 6H:0 added equivulent to urea | CoCly-6H:O added |  equivulent to urea
- . formed formed
wmg. . wml. . mg. ml.
s 1.0 401 . 60" N
0.1 3.79 20 | 644
o005 | 3712 ] o100 . | 644
©0.01 . 257 S S IR I C S
0.005 2.9 0.05 . R R
0.001 1.59 0.01 - , 5.39‘ S

* Parallel deterninations: (1) arginase solution boiled before use (or

B omitted nltogether), and NaCN omitted; found, 5.53 ml.; (2) the same, ’

but arginine 8lso omitted; found 0.21 ml. Thls ﬂlu.,tratw the arginine-
metal-urease phenomenon (¢f. Table 1V and ‘“Discussion’’) and indispenss-

‘bility of NaCN. .

Inactivations by Oxidizing Agents; Reactivations by Certain Metal

~ Jons—Such oxidants as methylene blue and dipotassium indigo-
disulfonate exhibited no observable effect upon the activity of

arginase. Jodine or quinone drastically suppressed the activity.

From controlled inactivations by these reagents the activity was, -

apparently, extensively recovered in the presence of Co*+ espe-

.y

~ cially and, perhaps, to a lesser degree, of Ni++ and Mn++ as well

B

1
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a3 Fet+, The réactivating effect of Fe++ was dependable only -

when its use was preceded by that of some suitable reagent (e.g.
eysteine).  The other ions: were effcctive when added - alone.
Reactivation from quinone was realized to @ limited degree by the

use of cysteine or bisulfites. - Arginase activity was abolished by .’
gelenium dioxide (apparently irreversibly) and by ferric ion only -

~=?"L.='“I;ellerman' and M. E. Perkins . - ~‘187,

3

when the addition to the enzyme of these reagents preceded the |

- addition of phosphate; from inactivations by Fet++, the activity

was readily restored by Co++. The action of the "system,
Fe(CN)¢=:¥e(CN),Z, involved a noteworthy peculiarity. Ferro-

cyanide did not alter the enzyme activity significantly; depression -

resulled increasingly as the ratio of ferricyanide to ferrocyanide

- was increased in mixtures of these ions added to the enzyme; but

complete inactivation of arginase was not readily effected, even
by the use of the oxidant Fe(CN)¢™ alone. When a sufficient

&mount of Ni++ or Mn*+ was also present, the activity was not de-

pressed. - Table I shows typical results. :

Other Reagents—Bisulfites and organic thiol compounds did not

activate this arginase; cysteine depressed the activity somewhat.
The supporting action of cysteine, when used with Fe++, has been
¢ited. It has been plausibly suggested (28) that such behavior is
related to the maintenance in reaction mixtures of Fet+ in the
Teduced state. So potent a reductant as TiCl; (in borate buffers)

w3 found incapable of enhancing arginase activity under condi- -

tions where Co++ effected an increase. When these and other
feagents were added to arginase, appropriate measures were taken
to avoid injury to the enzyme by an inadvertent alkalinization or
acidification. ' :

The action of HCN upon arginase at pH 7.5 was, in general,
depressant (cf. ( 10)). Atno time was activation by HCN observed.

Hydrogen sulfide markedly depressed arginase activity (at pI
1.5) but partial restoration Jrom the action of this reagent could be
effected by simple removal of the excess in a streain of air or nitrogen
Or by preeipitation of sulfide ions with Zu*+. The further addi-
tion of Cot++ jons established more oxtensive reactivation, Such
Tesults were also obtained when the reactions were carried out in an
&tmosphere of pure nitrogen.  For this purpose, buffered arginase
solution, alone or treated with H.S, and arginine solution, with or

Without the addition of Cot+, were separately swept with nitrogen
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(passed over CuO and Cu'in the usual manner) in special all-glyy
&pparatus, so consiructed that the solutions could be mixed in the
nitrogen atmosphere and the mixture maintsined therein duﬁng
the digestion snd the subsequent destruction of the enayme by
heat.  Arginsse action ean evidently take place in the absence of
air and the cotitations observed are also, apparenily, iudependom
of an oxygen effeet (of. (15, 27, 28, : .
‘ The prosence in reaction mixrures of mervaptideforming Orting.
u © mercurials, such as phenylmercurie hydraxide and ln‘n!}'lmt‘r\‘mic
' ' chloride, had no observable effect upon the setion of arginase
(ef. ().

Urense, Metals, and Arginese detivity

From the inception of this work, we adopted the practice of
adding scdium eyanide to the buffered reaction mixtures imme
distely before the addition of urease in the estimations of urey
formed in the preceding step (hydrolysis of arginine). The
priznary purpese was to insure protection of the urease against 4
-j < posvible destructive action of soine of the reagents (salts or organie

-derivatives of heavy metals) added earlier. For example, certaip
heavy metal ions would be bound as complex evanide fons.  See
ondarily, cyanide mizht serve to inactivate any residual traces of
arginase. Further, the presence of cyanide is faverable to urease
action (1). . - .

In the later development of the work we were led by eertain
. thecretical considerations to test, as possible catalysts for the
kydrolysis of argivine (independent of arzinzse}, mixtures of one

- of the ions, Co**, Ni**, Mn++, with various synthetie nitrogen -
- compounds that are known te ccurdinate with such jons. Under
.. these conditions, the extensive hydralysis of arginine was indeed
ohcerved, but 2 eareful analysis of the situation soon disclosed that

. uresse was in some manner involved. This was made evident by
" the following: (1) inerease in the amount of evanide added before
ke addition of urcase ¢r decrease in heavy mewal ion eonecntration
{and omdission of any synthetic material) aboli-hed the effect; (2)
wken arginzse and NaCXN were botk omitted in the typizal deter-
mitation with Co*++ (deseribed in a preceding sectivh), there was
obzerved extensive hydrolysis of arginine. It s eoncluded that
significaat hydroiysis of arginine in tAe gbrence of argings results

b
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’when urease and cobaltous 1on are both preaent in the reaction '

nixture.

Subsequent inv: cstxgatwn prov Ld that Co*t+ may be rephcod by "

Nit++, Mn**, or (apparently) Fe*+ plus cysteine. Indeed, with
some samples of crystalline urcase, particularly at a higher pH
level, appreciable hydrolysis is observed without added metal.

Dees such urease “‘contain’ effective metal {e.g., as impurity) or

docs it function as such simply by the usual eatalytic action upon

urea hydrolysis, effecting the removal of one of the products of ar--
ginine hydrolysis? Further cxperimentation should clarify these
,and many other matters requiring explanation. '

" The urease-metal effect described was observed alike with crude

jack bean urease and crystalline urease (20). Efforts to refer the
- effect to some constituent of jack bean other than urease have

been unsuecessful.
Table IV records some of the results.

Sodium cyanide, as applied in this investigation, appmcntly’
- serves effeetively to inhibit this urease-metal action. Its indis-
. pensability in the evaluation of arginase activity in this investiga-

. lion needs no further comment. The bearing of these results
~ Upon analytical operations involving in general the use of urease

in the determination of urea, where arginine and certain metal
ions may also be present, is obvious.

Theoretical

The experimental rcsults emphasize certain noteworthy char-
Acteristics of arginasc activation. Some of these are (1) the failure
of several potent reducing agents, e.g. those that activate papain,
to activate partially inactivated arginase, or to effect, under the

- tonditions used, the extensive restoration of the act1v1ty after
© tontrolled inactivations by oxidants; (2) the competency of certain

tetal ons, e.g. Cot+, Nit+, Mun++, to effect such activations or

Teactivations; (3) the depressant or inactivating effect of HCN

ind H,S, in contrast to the favorable action of these wagents upon
Papain or urense activity.

“ There are sngmﬁcnnt objections to an mtvrprcmtion of the

. %bserved action of an ion like Co++ in terms of a reduction. In

‘table V are listed for comparison recorded values of the potentials
CO*“ :Cott and other “positive” systoms with those of several*

L Hellerman and M D Perluns , ‘ 18\5‘)‘.
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less “positive” electromotively active systems. - In so far as it is
permissible to apply such data here it may be said that it is €X- ..

tremely unlikely that the reduetant ion of 50 positive a system a4

- Co*++:Co*+ might, of itself, function to reduce an enzyme. The

" TapLe IV o -

Hydrolysis of Argz’ﬁine in Presence of Urease and Certain Heavy Metgl ITony

Crystalline urease prepared from 100 gm. of jack bean meal wasg dissolyey
in 25 ml. of water. Determinations were conducted as follows: metal gop

was added to the mixture, urease solution 5 ml., water 10 ml., and pheg. .

phate buffer (1 m, pH 7.5) 3 ml. ; after 20 minutes some caprylic aleoliol apg
arginine carbonate, 45 mg., were added; digestion, 20 hours at 30°; 3 ml,
of phosphate were added and the mixture held 10 minutes at 100°, anq
then brought to 25 ml.; NH, was determined in 10 m}. Ilesults are cx.
pressed as ml. of 0.02 N HCI equivalent to NH,. :

Reagent added 0.02 x HC1
. . ml.

Nore....ooovviiviivn i i, [P 3.76+
CoCla6H,0, 2mg.....ooovii i cee e, 8.72¢; -
Ni(NO])g'ﬁH:O, 3 D24 F Paeran - 8,76 .
MnSO4H,0,3mg............... A .. . 8.67
Cysteine hydrochloride (neutralized) + FeS0,-7H,0, .

. 3mg..... R T T e 6.83 .
CeHHgOH, 5 mg. 4 CoCl-6H,0, 2 mg............... ) 0.19§ -

* Parallel determinations: (1) erude urease (22), 0.1 gm., substituted
for crystalline urease, HCI, 0.32 ml.; (2) digestion time (crystalline ureage
used), 2 hours (instead of 20 hours), 1IC10.17 ml. .

1 Controls: (1) boiled urease solution used and all other factors un.

o changed, HCl 0.10 ml.; (2) arginine (only) omitted, HCl 0.05 ml. . .

1 Parallel determinations: (1) crude uresse, 0.1 gm., substituted for
crystalline urease, HCI 882 ml.; (2) digestion time (crystalline urease
used), 2 hours (instcad of 20 hours), YIC} 1.88 ml. Controls with crude

urcase: no NI, obtained when only urease or arginine was omitted; nor
. when cobalt was present and urease or arginine was omitted. s

§ CeHHgOH inactivales urease (¢f. (1)) but does not inhibit “true”
arginase activity (¢f. Table I); application of the xanthydrol test failed to

~ limited degree of inactivation exhibited by ferricydnide ion is of

interest in this connection. It has been shown that colaltous jon

~ reactivates arginase, initially treated with inhibiting ferric ion.
“This can scarcely be “reduction” in the accepted sense., Finally,

v
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. the faih\xre’of cortain common reducing agents to reactivate has
_ slready been pointed out. R
The depressant action of HCN and H,S upon arginase suggests -
that the cnzyme, itself, may partake of the nature of a heavy metal
complex (cf. (10)). 1f such a suggestion is tenable, there is pro-
vided a basis for the corrclation of most of the facts observed.
If the metallic component of such a complex moleeule is pregent in -
a reduced state when the enzyme is active, the following might be
assumed.  Inactivation by oxidants might involve (1) simple
exidation of the complex, reversed by suitable reduction; or (2)
separation of the metallic ion or component from the remainder of
. the molecule, possibly coincident with the oxidation of the former.
The second, more drastic event, would correspond to usual experi-
-aee. If 80, suitable reduction might, under favorable circum-

-

ﬂ . : o ‘ "TABLE' V- e
- .. Potentials® of Various Oridati_on-Reductioﬁ:Systema o
" gystem’ ' Volta gystem . ’ Covelt
Cott+:Cott 1.81 Fottt:I'e* . 0.747 »
.- Qettir:Cettt - 1.5 % P il 0.534
} CL:CI- . 1.36, Fe(CN)e™ :Fe(CN)e= | 0.486

,'Wa'shburn, E. W, Internationnl‘ critical tables of numerical data,
physics, chemistry and technotogy, New York, 6, 332 (1929).

- stances, be accompanicd by recombination of the cnzyme frag-
ments, However, pariial reactivations arc only occasionally
, brought about by reductants, while reactivation by Cott, etc., is
more dependable and complete.
. The depression of activity by hydrogen sulfide might conceiv-
tbly result (@) by the formation of a loose addition compound
With the metal-enzyme, from which the enzyme is regencrated by
Ritable removal of HaS; or (b) by disruption of the metal-enzyme
g, possibly, conversion of the metallic component to & sulfide.
It has been shown that a partial regeneration of activity is, indeed,
teadily obtained. It scems significant that, in this instance also,
extensive restoration has been effected by the suitable addition of

* Cobaltous ion.
A rather plausible explanation of the activating property of the \
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* effective ions, Co**, Ni*+, Mn++, or Fe++, rests upon the assump-’
tion that such ions (probably maintained in their reduced states)
may replace, more or less readily, the metallic atom or component,
characteristic of arginase, when that component has been lost to the
enzyme by some process which has not injured the rest of the mole-
cule. Such reactivation by “substitution” would be intimately
related to the very characteristic property of these ions to form
metal-coordinated complexes (e.g. the so called metal ammines).
The metal ammines derived from reduced ions (Me+t) are often
less stable than their oxidized analogues. Their existence is,
however, unquestioned. The assumed coordination in the activa-
tion picture might be conceived as involving both enzyme and
substrate through contributions of suitable groupings by each
(e.g. a portion of the guanido group of arginine). This assigns
to the metal an interesting réle in the building of an enzyme-
substrate compound. It is conceivable that such coordination
would eliminate resonance in the positively charged component

" (i.e. the guanidinium grouping) of the arginine zwitter ion. Molee- .

*  ular resonance has been plausibly assumed to exist (30) in the ion
formed by addition of H+ to guanidine or a guanidino group. - In
the present instance, the “‘fixing” of bonds in the guanido group

~ through enzyme-metal coordination might be reflected in promo-
tion (accelcration) of hydrolyms in the directign of formation of
ornithine and urea, with concomitant regeneration of the metal-

“"enzyme. This hypothetical mechanism of arginase action may
poseibly find application in the further study of the ammme—mctal-
urease phenomenon already described. : ; ‘

[

smu.um' ’ . :

.“ ith the enzyme preparation used, it has been found that
arginase, under the experimental conditions, is neither activated
nor, after treatment with various oxidizing agents, reactivated by

” “cysteine and other reducing agents that are known to activate
5 " papain, Arginase may, however, be effectively activated, or
reactivated after treatment with oxidants, by certain metal ions,
specifically Cot+, Nit+, or Mn** (as well as Fet?). Cobaltous
" jon effects also the complete restoration of arginase activity after
the enzyme has been inactivated by hydrogen sulfide and the

© exgess of the latter remoxed , e -
! . o \\
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Organ}xn{éx'clxrials of the type RHgX do not inactivate; ferri-
cyanide ion suppresses the activity incompletely; and the ions,”

Cut+, Hg++, and Ag* destroy the activity, in part, by precipita- -

tion of the enzyme substance. The action of HCN is depressant.
‘The magnitude of activation by cobaltous jon is illustrated by
appropriate ratc measurements; certain other characteristics of the
activations are also indicated. ) I
* On the basis of the results, the arginase molecule is visualized as
tontaining a metallic component which may be oxidized, or sepa-
rated from the rest of the molecule by the action of oxidizing agents
or certain other reagents. The observed actions of cobaltous jon
and the other cffcctive ions are interpreted, not as reductions, but
tather in terms of the characteristic property of these ions to

“toordinate with suitable molecules or groupings to form complex

molecules. - This suggestion may include an implication regarding
the réle of the metallic component in the building of an enzyme-
substrate ecompound. , : P

Arginine, without arginase, is hydrolyzed in the presence of one
of the jons, Co*+, Mn*+, .Ni++, and under certain conditions,
Fet+ when urcase is also present in the reaction mixture. Organo-
Ietallic suppressors of urease activity also suppress this effect.
Cyanide diminishes the arginine-metal-urease effect, but, being a
Urease activator, does not prevent the independent hydrolysis of
Any ured also present in the reaction mixture. The bearing of
these results upon the conduct of certain analytical operations is
indicated.
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N PART I OF this study, plasma and red blood

cell’ values for --magnesium; chromium,

. nickel, copper and zinc in normal persons are

reported. ‘The observations made of a group

“of patients with - hematologic diseases (sce
¥ Tables 1 and 11) are repotted herein.

0

~ of Virginia Hospital. Only patients with un-
equivocal diagnoses were selected, and when-
ever possible blood samples were taken before

' and after treatment. The presence of com-
phcatxons and concurrent diseases resulted in
exclusion of several patients because of the
possible introduction of additional variables.
The spectrochemical method of analysis was

employed throughout.

v
P

¥

MAGNESIUM
It now seems established that alterations in

: From the Dcpartmcni of ’Medibine.;-Univcrsity‘of

. Virginia School of Medicine, and the Pratt Trace.
-~ Analysis Laboratory, Department of Chemistry, Uni. -

vetsity of Virginia, Charlottesville, Virginia.
* Feltow in Internal Medicine, present address: Pro-

fessional Building, Albemarle, North Carolina; { Pro-

< fessor of Internal Medici ne; 3 Research Associate, Pratt

Trace Analysis Laboratory, present address: Research

Department, Brown and Williamson Tobacco Corpora-

" tion, Leuisville, Kentucky; * § Professor of Chemistry
aitd Dircctor, Pratt Trace Analysis Laboratory.

from the National lustitutes of Hcalth

-y

. Patients were chosen for study from the -
wards and Hematology Clinic of the University .

Supported in part by grants No, H-1102 and H- 1621 -
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8 Trace Metals in Human Plasma
and Red Blood Cells

"A Study of Magnesmm Chromlum Nlckel Copper and Zinc
II Observatlons of Patlents with Somc Hematologlc Dlseases

I
T

the content of magnesium in the body are

. capable .of producing clinical manifestations.
Since magnesium, like. potassium, is _chicfly .

an intracellular ion, the serum level is a poor

measure of total deficit or excess. Doubtlessly °

this factor has delayed recognition of the
association of magnesium with certain clinical
states. Smith and Hammarsten have demon-

strated this by a recent study. Of twelve pa-

tients with delirium tremens, the levels of mag-
nesium in plasma were below the normal range
m only seven, whereas values for the red blood
cells were decreased in all of the patients.’?
Previous studies of patients with this condition
have dealt only with serum values,®* and have
been judged inconclusive.® In delirium tre-
mens the administration of magnesium is gen-
erally followed, after some delay, by improve-
ment. 3

Spontaneous normocalcemic, hypomagnese-
mic tetany has been reported.® Other condi-
tions in which magnesium depletion may be

- implicated are heart, failure treated with

ammonium chloride dnd mercurial diuretics,
chronic nephritis,’ treated diabetic acidosis,®
replacement of large fluid losses (e.g., by intu-

bation) with fluids poor in' magnesium,?® -

and severe burns.! Osteolytic bone lesions

with hypercalcemia and hypercalciuria,? hy-

perparathyroidism,!"!? and primary hyper-
aldosteronism!%!4 have been associated with
very low levels of magnesium in the serum.

- Reports of changes in uncomplicated portal
Vol. 8, November-December 1960
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TABLE 1 -
Plasma Values for Patients with Some Hematologic Diseases*
Disease 1:: d on ‘i"g:]t'::f | Maguesiumn Chromium Nickel Copper Zine
None 109 (nornat) 20.4 0.027 0.060 1.03 3.01
(12.5-36.0) | (0.009-0.055) (0-0.27) (0.48-1.93) | (0.49-7.70)
Aplastic anemia 0 (untreated) . e . e A
3 (treated) 17.5 0.022 0.013 1.17 2.27 .
(16.3-18.1) | (0.022-0.023) | (0-0.040) | (0.86-1.71). (1.30-3.00)
Myelofibrosis 0 (untreated) . . oL - e
3 (treated) 21.8 0.024 0.027 0.99 2.50 .
(17.3-23.2) | (0.020-0.033) (0-0.040) | (0.87-1.09) | (1.40-3. 10)
Acquired 1 (untreated) 20.7 0.027 0.040 0.68 2.50
hemolytic 4 (treated) 17.0 0.021 0.017 1.16 2.65 .
anemia (14.3-21.7) | (0.020-0.024) | (0-0.070) | (0.64-2.30) | (1 .60-4.20)
Sickle cell anemia 0 (untreated) . e . e -
3 (treated) 19.2 0.023 0.043 1.67 2.71
(13.3-28.5) | (0.021-0.028) | (0-0.130) | (0.95-2.20) (1.704.20)
Pernicious anemia 7 (untreated) 18.6 0.025 0.053 1.21 1.19
(12.0-26.9) | (0.012-0.041) | (0-0.10) | (0.90-1.60) | (0.64-2.00)
15 (treated) 17.6 0.030 0.051 1.02 3.88
(14.2-22.2) | (0.019-0.058) | (0-0. 130) | (0.50-1.55) | (2.40-7.80)
Iron deficiency 6 (untreated) 20.4 0.029 0.017 1.42 3.60
anemia (16.4-22.8) | (0.020-0.028) | (0-0.100) | (0.82-2.04) | (2.25-4. 50)
1 (treated) 20.9 0.032 0 0.96 6.10
Polycythemia 3 (untreated) 21.2 0.043 . | 0.110 - 1.67 3.90
vera (14.4-30.0) | (0.027-0.072) | (0-0.230) | (0.77-3.20) | (3.00-5. 10)
: . 9 (treated) 18.6 0.029 0.044 1.24 ©3.80
‘ . (12.7-22.6) | (0.015-0.037) | (0-0.120) | (0.54-2.10) | (1.80-6.10)
. Acute leukemia 3 (untreated) | 21.2 0.026 0.013 1.56 - 4.03
(16.4-28.7) | (0.024-0.0290 | (0-0.040) | (0.67-2.06) | (3.55-4.65)
6 (treated) 22.2 0.023 : 0.013 . 1.60 .1 2.89
(16.4-25.8) | (0.011-0.030) | (0-0.040) | (0.94-2.30)"| (1.57-4.90)
Chronic 1 (untreated) 18.6 0.016 0.10 ' 0.88 1.40 -
" myelogenous 4 (treated) 17.7 0.025 0 T 0.71 2.44
leukemia (13.124.1) | (0.0200.035) | © | (0.51-0.87) | (1.50-3.80)
. Chronie | 2 (untreated) 19.7 0.029 0. 1.15 3.90
lymphocytic- -~ (19.3-20.0) | (0.023-0.035) [ © (1.06-1.23) | (3.20-4.80)
leukemia 4 (treated) 23.4 0.027 0.042 | 1.49 298 -
: (15.8-33.3) | (0.020-0.034) | (0-0.130) | (1.19-1.95) | (2.20-3.50)
- Hodgkins disease 1 (untreated 11.5 0.018 " - 0 1.3¢ - | 1.60
11 (treated) 18.2 0.027 0.027 1.48 3.35°
- | (12.4-28.5) | (0.018-0.039) | (0-0.150) | (0.72-4.50) | (1.50-7.10)
Lymphosarcoma 2 (untreated) | 20.3 0.022 0.020 1.32 . 2.38 .
(16.8-23.8) | (0.021-0.023) | (0-0.040) | (1.14-1.51) | (1.75-3.00)
. 14 (treated) 19.0 0.028 | 0.024 1.45 ©3.20
(13.5-26.0) | (0.019-0.043) | (0-0.180) | (0.60-2.90) | (1.50-6.00)
Multiple myeloma 5 (untreated) 21.8 0.023 0.054 1.19 - 2.62
i (15.9-29.0) { (0.017-0.027) | (0-0.130) | (0.81-1.87) | (0.72-4.40)
3 (treated) 19.4 0.024 i \ 0.013 0.91 - 3.7
| (15.1-27.0) | (0.022-0.026) | (0-0.040) | (0.77-1.00) | (3.10-4.20)

* Mean values and ranges are given in p.p.m. (ug. pergm.). Ranges are in parentheses. ’ ‘

cirrhosis and diabetes mellitus are con-
flicting.24.1%

Hypermagnesemia has long been associated
with renal failure, although it may not be ob-
served even with severe nitrogen retention.
Smith and Hammarsten found the magnesium

levels in the plasma elevated in only ten of
fourteen patients with uremia and depression
of the central nervous system, but the réd blood
cell value was high in all subjects, again
empbhasizing the importance of the intracellular
level.’? Hamburger found the levels of

=~
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; .
, . TABLE bid
Red Blood Cell Values for Patients with Some Hematuloglc Diseases*
) lDi‘s:e_ase ’ 1:: d oé xﬁﬁf Magnesium Chromium- Nickel Copper Zinc
None 106 (zormal) . 74.3 0.021 0.053 0.82 10.0
. P -1+ (26.0-131.0) | (0.005-0.054) | (0-0.31) (0.28-2.80) (3.80-25.40)

Aplastic 0 (untreated) e . . . e

' anemia . 3 (treated) 72.0 0.021 0.053 0.68 9.20

_ - oo | (57.7-80.6) | (0.015-0.026) | (0-0.080) (0.49-0.84) (6.20-13.20)

Myelo- | . O (untreated)| - e
fibrosis ] 3 (treated) | 143.0 0.021 0.080 0. 68 9.33

oo f ot 1(117.0-181.0) | (0.018-0.025) | (0.055-0.115) | (0.55-0.87) | (8.00-11.70)

Acquired. "0 (untreated)| . ... —_—

' hemolytlc 4 (treated) - 95.3 0.024 0.017 0.51 9.43
* ‘anemia o - - (73.3-136.7) | (0.016-0.035) | (0-0.030) (0.50-0.72) | (5.90-12.80)

Sickle cell; | 0 (untreated)} . ...,. - e e . .

anemia © | 2 (treated) 62.2 . 0.036 0.080 0.90 17.70
D A ' (53 2-71" 3) (0.032-0.039) | (0.020-0.140) | (0.74-1.06) (15.90-19.50)

Pernicious | . 6 (untreated)| -90.9 0.022 0.070 0.81 8.23

anemia . ’ g w1 (2. 5—151 0) | (0.017-0.033) | (0-0.210) (0.54-1.06) (4.80-10.50)
* 14 (treated) ~ |° 86.3 - 1 0.026 0.032 0.87 11.08
: B : (48 8—146 1) | (0.015-0.041) | (0-0.100) | (0.32-1.43) | (4.70-20.60)

Iron de- - 6 (untreated) 0.026 0.015 0.73 11.70
ficiency - . LA . (50 7—133 2) | (0.012-0.052) | (0-0.050) (0.64-0.81) (8.00-15.10)
anemia 1 (treated) - 57.6 0.025 0.020 0.52 14.80

Polycy- 3 (untreated) |  59.0 0.039 0.085 0.73 10.00

- themia - - (82.5-80:1) (0.024-0.059) | (0.054-0.110) | (0.38-1.10) (6.10-14.70)
vera 9 (trmted) 79.7 . 0.023 0.059 0.98 10.40
. . (32.1-137.0) | (0.013-0.047) | (0-0.180) (0.61-1.87) | (6.30-20.20)
- Acute’ 3 (untreated) 104.3 ' 0.022 0.033 0.7 13.00
leukemia ) » (87.7-127.0) | (0.015-0.031) | (0.020-0.060) | (0.34-1.04) (10.10-71.20)
. 6(treated) 106.0 0.029 0.037 0.62 13.00
; E . (81.0-135.0) | (0.023-0.044) | (0-0.077) (0.48-0.94) (7.20-18.70)

Chronic -~ 1 (untreated) 91.0 0.026 0.130 0.22 11.50
myelo-. "4 (treated) 77.6 0.023 0.049 0.63 10.69
genous (70.8-95.5) | (0.014-0.035) | (0-0.110) (0.51-0.83) | (8.20~15.60)
leukemia | ' .

Chronic 2 (untreated) 62.5 0.033 0.075 0.83 15.20
lymipho- : (33.1-91.9) (0.027-0.040) | (0.020-0.130) | (0.80-0.85) | (12.00-18.50)
cytic - 4 (treated) 102.5 0.018 0.032 1.09 9.80
leukemia (57.2-125.2) | (0.013-0.024) | (0-0.075) (0.70-1.80) (6.90-13.80)

Hodgkins 1 (untreated) 77.2 0.022 0.020 0.79 9.70
disease 10 (treated) 82.1 0.024 0.028 1.03 9.84
L (40.3-141.0) | (0.017-0.031) | (0-0.085) (0.40-2.50) (6.20-14.20)

Lympho- 2 (untreated) 83.8 0.015 0.040 0.90 6.45
sarcoma . (76.9-00.8) (0.014-0.015) | (0.2 20-0. 060) | (0.66-1.14) (5.30-7.60)

1 14 (treated) 70.2 0.025 0.043 1.00 10.50

’ . (31.2-120.8) | (0.013 0.035) | (0-0.140) (0.36-2.20) (3.20-15.20)

Multiple |- 5 (untreated) R2.9 0.025 0.067 1.11 10.10
myeloma’ (38.8 121.0) | (0.018 0.020) | (0.020-0.120) | (0.63-1.80) |. (5.10-12.30)

S et 2 (treated) . 56.1 .04 0.075 1.08 14.35
d : (37.2-72.9) (0.020-0.130) | (0.54-1.60) | (14.30-14.40)

* Mean values and ranges are given in p.p.m,

magnesium. in the serum to be constantly in-
creased in patients in the anuric state and to
correlate well with clouding of the conscious-
ness and prolongation of the Q-T interval of
of the electrocardiogram.!® »
magnesium in the serum were found to be

P

é

)

The levels of

Ranges ure in parentheses.

elevated in patients with adrenal insufficiency.?
For a detailed discussion of disturbances in
magnesium metabolism the complete and criti-
cal review by Wacker and Vallee is recom-
mended.®
We have found no reports of magnesium
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/. fined in man to the development of broncho- -~
' gemc carcinoma.'®2.22=2  The reason for this

858

abnormalities associated with hematologic dis-
orders.

In nonc of the d:seases studied did we ﬁnd-

abnormal levels of magnesiumn in plasina, ex-
cept for one patient with untreated Hodgkin's
disease whose plasma value waslow. (Tabler.)

The levels of magnesium in the red blord
cells (Table 11y were above the normal range
in all three patients with myelofibrosis. In
patients with acute leukemia, marked eleva-
tions were also observed. One of these patients
had acute lymphoblastic leukemia. The value
for his red blood cells before treatment was high
(127 p.p.m.) but returned to normal after one

month of treatment with 6-mercaptopurine. .

Three of four samples from patients with
treated chronic lymphocytic leukemia yielded
extremely high values. The fourth sample was
from a patient who was treated ten years before
by radiation with x-rays to the spleen. The
value for his red blood cells was normal as in

patients with untreated chronic lymphocytxc_
. leukemia. .

CHROMIUM ;

Strong evidence exists that chromium is a
cancerigenic agent.
periments with rats'® as well as by epidemio-
logic studies of workers exposed to high concen-
trations of chromium compounds in indus-
It is of particular interest that this
malignant influence seems to be chiefly con-

- is unknown.

Ulceration of the skin and nasa] septum and
a variety -of ‘inflammatory conditions of the

respiratory tract are common in persons ex-

posed to chromium.®-% Contact dermatitis
from shoe leather is also an occasional problem.
Magnus suggests that chromium enters the
epidermis in hexavalent form (which may
have direct cytotoxic effects??), then is reduced
to the trivalent cation which is able to bind pro-

. tein and thereby induce sensitivity.® How-

ever, Morris believes that basic chromic sul-
fate, containing the trivalent cation, is-the
cause of dermatitis from shoe leather and that
in this form chromium (II1) may enter the skin
directly, being conveyed by perspiration.?

This is suggested by ex--

We have encou.ntered no reports of studxen. ¥,

concunmg chromium in the blood or of chro- ¢

mate exposure m patxents w:th hematologm e

diseases. - - :,

In our mvestngatxon, values for’ ch.romlum w4

were found to be consistently normal jn both

~ plasma (Table 1) and red blood cells (Table L
II) in all of the dxseases studled T

. o .*. é.

' Nxcm .

It appears probable that mckel is capabk of
causing carcinoma of the respiratory truct.
Doll® estimates the risk of death from cancer
of the lung to be five times the normal Ttale,
and from cancer of the nose, 150 times the -
normal rate, among workers in .the nickel
refineries in South Wales who were employed
prior to 1924. Kincaid et al. believe the re-
sponsible agent to be nickel carbonyl.

Nickel carbonyl may cause severe ‘acute
intoxication. Immedlately after exposure,
headache, giddiness,-‘tightness”” in the chest,
nausea and weakness may occur, or there may
be an asymptomatic period of several” days
followed by a delayed reaction. This is marked
by severe retrosternal pain, dyspnea, weakness

A‘,\

. and occasional gastrointestinal or gemtourmary

symptoms Delirium - and  convulsions - may
occur terminally.’?  In [fatal cases, death ap--
pears to result fr()m severe damage to lung

Ttissue.d? .

The admxmstratton of sodmm dtethyldltluo-

,carbamate to the pat:ent is followed by a

marked increase iu urinary excretion of nickel -
which gradually returns to -normal, and the
patient clinically recovers within two to threé

‘weeks.?* This agent seems to be highly effec-
-tive therapeutlcally and -probably acts- by

-

[ T R R

o

formmg a non-toxic chelate with mckel which .

- is then rapidly excreted.?*

The extreme toxicity of nickel’ carbonyl is
recognized by the American Conference of
Governmental Industrial Hygienists, which
sets the maximum concentration allowable
for. workmen for an elght hour day at 0.001
p.p-m. in air.%-

Metallic nickel is important as a cause of
contact dermatitis® and may cause cross sen-
sitivity with copper.” It also has the ability,
peculiar among contact allergens, to cause a .

-
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secondary eruption in areas other than the site
of contact.®3 Wells believes that sweat may
mobilize nickel from metallic contactants, and
has demonstrated a peculiar affinity of keratin
for this metal. It is his opinion that penetra-
tion into the deeper layers of eﬁidermis occurs

. only at sweat duct and hair follicle openings.®

Magnus suggests that linkage with soluble
proteins may occur in the Malpighian layer.?®

“There are no reports relating mckel to dis-
eases of the blood. ‘

We found the nickel values to be lnghly vari-
able in the plasma and red blood cells of patients
with the diseases which we studied (Tables 1
and 11).  We believe that no valid conclusions
can be drawn from the data obtairied. K

. i ¥
g coppm

Deﬁcxency of naturally occurrmg copper has
been observed for. some time ‘in ruminants
grazing where the forage is poor in copper.
Cachexia and poor development of the coat
result. -In-lambs, spastic paralysis has been
observed - with cerebral demnyelination and
degeneration of motor tracts in the spinal cord.
Deficienéy of copper in ruminants has also been
found where normal or increased amounts of the
metal occur in the herbage; this is presumably
due to its presence.in an unavailable form.%

The occurrence of disease in man due to cop-
per deficiency has not been demonstrated.
However, there are many conditions which
have been associated with alterations in the
levels of copper in the blood. Hypocupremia
has been found in patients with the nephrotic
syndrome; this is presurnably due to the loss of
ceruloplasmin - through the wurine.’®* Hypo-
cupremia has been described as part of a syn-
drome, occurring in infants, which is char-
acterized by edema, anemia, hypoproteinemia,
low levels of iron in the serum and a limited iron-
binding capacity. ‘, This syndrome has been
attributed to a transient unexplained hyper-
catabolism of protein.® A similar condition
in infants, thought to be due to copper deple-
tion, has also been reported.! Hypocupremia

- occurs in children with kwashiorkor,*? sprue!
.and in some infants with iron deficiency

.anemia.® In. persons with Wilson’s disease,

~ ceruloplasmin _is  decreased or absent,

) S
Y PP

probably because of a failure in synthesis which
is thought to account for the hypocupremia.4?

Hypocupremia occurs in persons in normal
pregnancy and in- those with one of a large
number of pathologic conditions. 444 Treat-
ment with ACTH of patients with acute leuke-
mia resulted in a decline of the levels of copper
in plasma which, upon relapse, again became
high.#* The administration of estrogens to
thirteen women with gynecologic complaints
was followed by an increase in the levels of
copper in the serum.

High levels of copper in tissue occur in
patients with Wilson’s disease in spite of hypo-
cupremia.*® Koch et al. found normal or only

slightly elevated values in most tissues studied _

which were obtained from eight patients with
lymphomas, but the levels in the plasma were
high in all of these patients., Toxic and non-
toxic goiters have been found to contain in-
creased amounts of copper.® In persons with
cirrhosis with cholangitis, the liver was found

to have a markedly elevated content of copper;

this was attributed to failure of excretion by the
liver due to biliary obstruction.*?

The levels of copper in the red blood cells
were found to be normal in most of the patients
with the conditions studied by Lahey et al.
They found the levels to be elevated in only
five of seventeen patients with iron deficiency
anemia;** whereas, Pagliardi et al. observed
increased values in all of sixteen patients;
these returned to normal upon treatment with
iron or blood transfusions. The levels of cop-
per in the red blood cells have been reported
to be elevated in patients with a variety of
other conditions.®® Low values for the red
blood cells have becn determined in persons
with carcinomas and hyperthyroidism.*

In our study, levels of copper in plasma were
found to bg elevated in patients with several
conditions. Ninetcen of twenty-eight samples
from patients with Hodgkin’s disease and
lymphosarcoma showed moderate to marked
elevations. These two groups yielded average
values that were 50 per cent higher than nor-
mal. Only two patients with acute leukemia
had extremely high levels and these account for
our high average value. One of these returned

to normal following treatment of the patient

268
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with 6-mercaptopurine. Half the samples
from patients with pernicious anemia showed
moderately high levels of copper in the plasma;
no differences were attributable. to treatment
with vitamin By.. High levels of copper in the
plasma from persons with polycythemia vera
were found in only a third of the samples.

Contrary to previous reports,**% we found-

no elevation of the levels of copper in the red
blood cells of six patients with iron deficiency
anemia. Samples from the one patient, who
was re-examined after treatment with ferrous
sulfate at which time his blood count was nor-
mal, showed a marked decline in the level of
copper in his red blood cells. No consistent
abnormality in the amount of copper in the
red blood cells was observed. '

ZINC

The occurrence of disease due to primary zine
deficiency has not been established in man,
however, it is recognized in swine as the cause
of parakeratosis. A high intake of calcium
aggravates this deficiency.®® A few balance

_..studies of man have been carried out, but most

of the conditions studied are characterized by
lowered values for the serum and values for
the red blood cells which vary directly with the

_hematocrit and hemoglobin concentration.5?
In women who had recently delivered, Vikbladh
found the.levels of zinc in the serum to be =~

slightly lower than normal, but in their new-
born infants the values were higher than nor-
mal. The values for erythrocytic zinc were
slightly elevated in the mothers but markedly
reduced in the infants.5* '

Vallee et al. have found a marked decrease
in the levels of zinc in the serum of patients with
Laennec’s cirrhosis.
of these patients contained subnormal amounts
of zinc, but large quantities were excreted in

“ _the urine, except in that of one patient who was

terminally ill. = It is of especial interest that the
administration of zinc tended to restore normal
excretory patterns.®%*® These findings suggest
zinc depletion but its relation to the pathogene-
sis of cirrhosis is not yet clear.

* Reduction of the levels of zinc in the serum
occurs in patients with myocardial infarction
and has an approximately inverse relationship

Tissue from the livers

ToRET
v :
$7%,

t v
to the levels of activity of serum lactxc and
malic dehydrogenases It is suggested thgg
this reduction in zinc removes an mhxblt;on
allowing increased activity of these enzymes,
This same relationship is present in persons
with cirrhosis and pernicious anemia.

Vikbladh observed a decrease in the levels of .

zinc4n the serum of patients with several acute
febrile conditions. Statistical analysis showeq
a negative correlation between the serum zine
level -and the amount of fever of the patient
Low values for zinc in the serum of patients wit},
malignant  tumors, hepatogenic jaundice,
chronic polyarthritis and chronic nephritis were
also found. The levelsof zincin the serum were
normal for persons with afebrile rheumatic
fever, acute nephritis, peptic ulcer and dia-

~ betes.#?

Several persons with diseases of the blood and
the blood-forming organs have been studied
with respect to the content of zinc in the serum.
These values were normal for patients with

LN
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anemla following gastrointestinal bleeding with

/the exception of those with bleeding from car-

cinoma of the stomach in which case the levels . :
appeared to be reduced. Eight patients with ..
iron deficiency anemia had normal levels, "

However, the levels of zinc in the serum were -
low for all of the fourteen patients with un--
treated pernicious anemia; they returned to.

normal levels with therapy through the ad- -

ministration of liver® Vallee and Gibson

reported the zinc content of the red cells to be ‘

high in persons with pernicious anemia, and to

subsequently diminish with treatment; these. "

values were obtained by calculations based on

measurements of the levels in plasma and whole

blooq." Vikbladh observed lowf levels of zinc
in the serum of patients withleukemia, but equi-
vocal results were obtained from those with mul-

tiple myelomata and aplastic and hemolytic . '

anemias.®® The leukocyte content of zinc was
found to be about 10 per cent of normal in

persons with myelogenous and . lymphatic

leukemia.¥”

The content of zinc in tissue has been studied
best in persons with diseases of the prostate.
Low values were obtained for those with pro-
static hyperplasia and prostatitis and even
lower values were found in tissues from
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cancerous glands.®5® Therapy -ilyith -stilbes-

trol lowered the values slightly more. Koch et
al. found increased amounts of zinc in the
thyroids of patients with papillary adenocar-
cinomas® and normal or slightly elevated values
in most tissues of patients with lymphomas.¥

Intoxication from zinc is rarely encountered.
Grant-Frost and Underwood demonstrated
that zinc is capable of inducing severe copper
deficiency in the rat.#! Ingestion of zinc com-
pounds has been implicated in instances of
acute®? and chronic® poisoning. Zinc chloride
is highly toxic on contact with tissue and may
cause dermatitis.%% Inhalation of zinc chlo-
ride smoke has resulted in extensive damage to
the respiratory tract with a subsequent high
rate of mortality.® Inhalation of zinc oxide
fumes may cause mctal-fume fever, a benign
systemic disease.¥ Ethylenediamine tetra-
acetate produces a diuresis of zinc® and would
probably be useful in the treatment of persons
with chronic zinc intoxication.

Our data indicate consistently low values for

“zinc in the plasma from patients with untreated

pernicious anemia (Table 1) and are in agree-
ment with those of previous studies of serum
from patients with this condition.’®$" This
suggests that the clotting process does mnot
remove zinc. After treatment of the patients
with vitamin By, the level in the plasma were
found to be normal or elevated. Examination
of data from individual patients suggests a

- gradual rise in the level of zine, following treat-

ment, to a supernormal peak at two to three
months and a subsequent decline to normal
range. From all three patients with untreated
acute leukemia, extremely high values for
zinc in the plasma were obtained.

In contrast to the finding of Vallee and Gib-
son,’ we obtained normal values for zinc in the
red blood cells of all of the four patients with
untreated pernicious anemia. Following speci-
fic therapy, a slight but inconstant rise was
observed. We found no consistent abnormali-
ties concerning the content of zinc in the red
blood cells (Table ).

COMMENTS

Except for those patients with pernicious
‘anemia, no differences clearly due to treatment

\

hY

were observed in the patients with these hema-
tologic diseases. Therapy included phlebo-
tomy for those with polycythemia vera, G-
niercaptopurine and prednisone for patients
with acute leukemia, alkylating agents and ir-
rachation with x-rays for those with Ilymphoma-
tous discases, urethane for persons with multiple
myeloma and blood transfusions for patients
in most of the groups. One patient with aplas-
tic anemia, who had received a total of sixty-
nine blood transfusions, had normal values.

In view of the experiment of Grant-Frost and
Underwood,®! our data were examined to see if
a reciprocal relationship exists between copper
and zinc. The plasma values showed such a
relationship in thirty-six of the 111 samples.
In this group, the values for either copper or
zinc were definitely above the normal mean
value while the others were definitely below.
In fifty-eight samples, the levels of either copper
or zinc or both were close to the mean. In
only seventeen patients, were the values for
both metals increased or decreased. This
reciprocal relationship was more pronounced in
the red blood cells as it was observed in forty-
two of the 106 samples. In fifty-seven sam-
ples, values for either or both copper and zinc
were close to the normal mean, and in only
seven persons were the levels of both metals
increased or decreased.

" SUMMARY

Samples of plasma and red blood cells fromn
seventy-eight adult patients with hematologic
diseases were analyzed spectrochemically for
magnesium, chromium, nickel, copper and zinc.
The literature was briefly reviewed and our
data compared with those provided in available
reports. Our results are tabulated and dis-
cussed. '
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Experimental Studies in Metal Cancerigenesis

IX. Pulmonary Lesions in Guinea Pigs and Rats Exposed to Prolonged
Inhalation of Powdercd Metallic Nickel :

W. C. HUEPER, M.D., Bethesda, Md.

The successful production of sarcomas

affecting bones, connective tissue, nerve tis-
.- sue, and muscle in rats and rabbits after a
parenteral administration of metallic nickel

was reported in previous communications. !

While these observations established the
fact that metallic nickel is a carcinogen for
two species of experimental animals, the
cancers were obtained by introducing nickel
through a route which is not encountered
under occupational conditions of exposure to
nickel in man. The tumors produced in
experimental animals, therefore, differ in
histogenetic type and topographical distribu-
tion from those observed in man, which are
carcinomas involving the nasal cavity, the
paranasal sinuses, and the lungs and de-
veloping after inhalation of nickel dust,
fumes, and vapors.®®

In studies on occupational carcinogenesis
it is important for scientific and medicolegal
reasons to produce experimentally cancers
of the same histologic type and location in
animals by duplicating as closely as prac-
ticable the exposure conditions prevailing
for man. Hence, rather extensive inhalation
experiments with powdered metallic nickel
supplied by the International Nickel Com-
pany were started scveral years ago simul-
taneous  with  the already  revorted
experiments in which nickel was adminis-
tered by the parenteral route. Rats, guinea
pigs, and mice were used. The results of
these * investigations are presented in this
communication,

Submitted for publication Nov. 23, 1057,

Head, Environmental Cancer Section, National
Cancer Institute, National Iustitutes of Health,
Public Hewlth Service, U. S Department  of
Health, Fducation, and Welfare. )
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Experimental Procedures

The nickel powder used was obtained by pre-
cipitating nickel from nickel carbonyl and con-
sisted of more than 99% of pure nickel. The
majority of particles had a diameter of 4x or less.
The powdered metallic nickel was delivered into
the dusting chamber in constant and controlled
amounts with the aid of a Wright Dust Feed
Mechanism, producing a concentration of nickel
averaging 15 my. of nickel per cubic meter of air.
The animals were exposed to this atmosphere for
6 hours a diy for 4 to 5 days per week for a
maximal period of 21 months, at which time all
animals used for experimentation had died.

The following types of animals were used:
Guinea pigs of the inlred Strain 13, about 3
months old when placed in the dusting chamber,
were chosen hecause they have an average life
span exceeding that of other strains. Animals of
this particular strain, morcover, had been used in
experiments with carcinogenic agents by other
investigators.*” Information on the frequency and
type of pulmonary tumors in members of this
strain under normal and  abnormal conditions
therefore was available. A total of 42 guinea pigs
(32 males, 10 females) was employed. Members
of two strains of rats were exposed when from
2 to 3 months old. One hundred rats of the Wistar
strain ohtained from a commmercial hreeder evenly
divided as to sex and sixty female rats of the
Bethesda Black strain made up the test group
(total, one hundred sixty rats). Since both strains
had been used in other carcinogenic experiments
and lad leen studied in normal control series,
adequate information was available as to the oc-
currence, frequency, topographical distribution, ‘and
histologic types of tumors and their precursor
conditions for. both strains, Similar informaticn
was on hand regarding mice of the C57 Black
strain, of which 20 female mice about 2 months of
age at the start of the experiment were employed.
This strain was chosen becanse the absence of
spontaneous lung tumors among its members would
have conveved distinet significance to the appear-
ance of even only a few pulmonary: neoplasms in
test animals. The only special control group used
in this investigation consisted of nine female gninea
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TasLe Y.—Decath Distribution of Guinea Pi
Metallic Nicke! Dust

gs, Rats, and Mice Inhaling

) Exposure, Mo.

0-6 712
QGuinen pigs 12 ¥
Wistar rats 2% 3R
Bethesda rats 7 24
Cr'Black mice 5 12

13-15 16-18 13-21 22-24 Total
Deaths, No.
20 1 2 0 42
7 16 1 2 100
2% 3 [ 0 60
3 [] (1] 0 20

pigs which had heen used as breeders and which
were from 18 to 30 months old when they were
killed. . .

None of the test animals were killed. AN of
them died while being exposed 10 the inhalation of
nickel dust. . Autopsies were performed on all
animals. The histologic examination of the various
internal organs and tissues of all animals showing
any grossly demonstrable pathologic changes in-
cluded in some rats and guinea pigs the region
of the paranasal sinuses. Sections from all organs
and tissues examined were stained with hema-
toxylin and eosin. Sections of the hmgs of some
rats were incinerated for the demonstration of
nickel deposits.

Postmortem Observations on
Experimental Animals

+ The death 'distribution of the animals in the
various series is presented in Table 1.

1. Gross Observations

(@) Guinea Pigs: Postmortem examinations on
guinea pigs showed that edema; hyperemia, and
hemorrhages of the lungs not infrequently asso-
ciated with localized pneumonic indurations were
common pathologic reactions. Livers often were
grayish-red . to pale-yellow-brown in color in
many animals, suggesting the presence of fatty
infiliration. The adrenals in one guinea pig were
considerably enlarged and dark red. Two of the

female guinea pigs had serous ovarian cysts
measuring about-2 cm. in diameter.

(b) Ruts: The most frequent pathologic reac-
tions seen at autopsy in rats were fibrinopurulent
pleurisy, acute and chronic circumscribed and dif-
fuse pneumonic lesions oiten of extensive charac-
ter, pulmonary congestion and edema, and cystic
bronchiectases  with cheesy contents. Nodular
neoplastic reactions involving the mesenteric and
retroperitoneal lymph nodes and forming medullary
white and hemorrhagic and necrotic masses up to
5 cm. in diameter were found in five Wistar rats.
Similar-appearing nodes located in the liver were
present in four additional Wistar rats, while one
Wistar rat had an encapsulated subcutanecusly
located breast tumor in the left axillary region and
two Wistar rats had dark red nodular enlarged
pituitary glands. Only one of the Bethesda Black
rats exhibited a medullary white and hemorrhagic
nodular mass i;wo]ving the ileocecal iymph nodes,
while a second rat of this strain had a cysticly
distended nodular uterus filled with cheesy necrotic
matter.’ .

(¢) Mice: The necropsies performed on the
mice showed the presence of white medullary
masses in the mesentery and inguinal Iymph nodes
measuring up to 2 cm. in diameter in a mouse
dying one month after the start of the experiment.
Similar neoplastic abdominal nodes were observed
in a second mouse which died 12 months after this
event. The lungs of the great majority of mice
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Fig. 2P roliferated
bronchiolar_ epithelium
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chyma; X 39.
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coming to autopsy were hyperemic and hemor-
rhagic. The livers were congested.

2. Histologic Observations

(a) Guinea Pigs: The lungs showed, in
addition to frequent local to diffuse edema,
hyperemia, and hemorrhages, not infre-
quently combined with circumscribed areas
of leukocytic intra-alveolar infiltrations, the
following remarkable reactions in the bron-
chiolar mucosa and in adjacent alveolar
areas. The bronchiolar lumens often
were filled in their terminal parts by
solid casts of slender oval to spindle-shaped
and round hyperchromatic small epithelial
cells (Fig. 1). Occasionally similar epithelial
proliferations were seen in larger bronchi,
where the hyperchromatic cells seemed to
infiltrate into the bronchial muscular coat
(I'ig. 2). The proliferating bronchiolar

Fu 6. ——Dnﬁ’use infiltra-
tion of pulmonary alveoli
Witk carcinomatous casts,
with partial destruction of
nter-2ning pulmonary struc-

lme\ X 143.

' Hf“'l'tr

Fig. 53.—Anaplastic alveo-
lar carcinoma of the lung;

X 143,

x...é'&s’

epithelium extended in many areas into the
adjacent alveoli, which were then lined by a
cuboidal epithelium and assumed an ade-
nomatoid appearance (Fig. 3). Such areas
were often rather large and numerous and
were not delineated against the surrounding
normal alveoli (Fig. 4). Extensive multicen-
tric adenomatoid formations present in some
animals produced the impression of an
adenomatosis. In some cases a marked ir-
regularity of the formations and a consider-
able atypia of the cells in both the
bronchiolar and the alveolar formations were
noticed. Such lesions resembled, in the
bronchioli, carcinoraas in situ, in the alveoli,

"miniature adenocarcinomas. In one animal

these changes apparently had progressed suf-
ficiently to form a multicentric anaplastic
carcinoma ( Figs. 5 and 6). Numerous large
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areas in the lung contained alveolar groups
solidly filled with small hyperchromatic
epithelial cells which invaded the surround-
ing tissue and extended into the bronchioli.
Metastases were not found in the mediastinal
lymph nodes or in any other organ or tissue.
In a second guinea pig, however, which had
numerous adenomatoid formations, a node
of adenocarcinomatous tissue was discovered
in. the lower abdomen near the urinary blad-
der (Fig. 7). While the primédry tmmnor of
the lung was not seen and could have casily
been missed at the microscopic examination,
since serial sections of the lungs had not
been made, there can be little doubt on the
basis of its morphology that the alxlominal
node is of metastatic nature, originating
from a pulmonary tumor.
A histologic examination of the region’
of the nasal sinuses of the guinea pigs was

Fig. 8 —Adenomatoid alveolur
area in the lung, with fibrous
node containing giant cells at-

flecting noncolored rod-like
inclusions; X 143,
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& Fig. 7—Adenzmatoid atypic;
¥™  tumor located in the retroper .
toneal tissue near the bladder

SN X28s

not made, since there was no gross evidenc.
that these structures were abnormal. Th-
particle size of the nickel dust used and the
physical form of nickel employed  (solid
instead of gas or vapor), moreover, did
not favor the penetration of nickel into the
nasal sinuses. The inadequacy of the avail-,
able equipment and the general working
couditions, on the other hand, prohibited
the use of highly toxic nickel carbonyl for
chronic experimentation. 15

In a smaller number of lungs the inter-
alwiolag_septg.and the alveolar lumens were
filled with a cellular granulation tissue, often
containing giant cells with multiple hyper-
chromatic  nuclei  of irregular  shape
frequently surrounding colorless reflecting
rod-shaped inclusions (I'ig. 8). The ade-
nomatoid as well as the granulomatous
lesions were usually not related to any acute
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o chronic inflammatory changes present in
the lungs‘. An analysis of the relation be-
tween the period of exposure to nickel dust
and the extent of the adenomatoid lesions
showed that these increased in frequency,
extent, and number with the length of the
inhalation period. While a few small peri-
bronchial adenomatoid formations were scen
in five of the nine old control guinea pigs,
none revealed any diffuse adenomatosis such
as that observed in almost all test animals,
The majority of the livers exhibited mod-
erate to marked .degrees of vacuolation of
the liver cells, which somtimes was asso-
ciated with moderate periportal fibrosis and
round-cell infiltrations. Dericentral hyaline
hepatic necroses were present in some ani-
mals. Calcium casts were occasionally seen
in the medullary tubules of the kidney. The
other organs were essentially normal.
. (b) Rats: The lungs of the rats of both
strains exhibited in 15 out of a total of
50 rats studied histologically adenomatoid
alveolar formations similar to those scen in
the guinea pigs. The epithelial lining of
these glandular structures seemed to be
extensions from the terminal  bronchial
mucosa. While in some animals these multi-
centric lesions were associated with chronic
and subchronic inflammatory reactions in
the surrounding pulmonary tissue, often they
occnrred without such an associated pa-
thology and were rather numerous. The
para:asal sinuses exhibited, as a rule, chronic
infl: nmatory changes often complicated by
muc.al ulcers. The findings of the other
org:us were not remarkable, with the excep-
tion of the occurrence of several tumors.
The neoplasms originating from and in-
volving mainly the abdominal and medi-
astinat lymph nodes were large round-cell
Sreonas forming metastases in various or-
Zans, One had metastasized into the bone
Marrow of the sternum. The tumors of the
livers were fibrosarcomas or spindle-cell sar-
Yomas. The subcutaneously located neoplasm
%as an adenofibroina, and the two tumors
of the hypophysis were basophil adenomas.
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Since none of them has any obvious relation
to the inhalation of nickel, they will not be
further considered.

(¢) Mice: The lungs were hyperemic and
often hemorrhagic. None showed any ab-
normalities of the bronchial mucosa or any
adenomatoid formations. The tumors pres-
ent in the lymph nodes of two mice were
lymphosarcomas, which in all probability
were unrelated o the exposure to nickel.
Since malignant lymphomas occur “spon-
tancously” among animals of this strain, it
is unlikely that ncoplastic rcactions may
plausibly be attributed under such circum-
stances to a tissue which had no direct con-
tact with the chemical administered.

Comment

The obscrvations reported indicate that
in almost all guinca pigs and in about 50%
of the rats of two strains exposed to pro-
longed inhalation of finely powdered metallic
nickel abnermal multicentric adenomatoid
formations affecting the alveolar structures
and atypical proliferations of the epithelial

lining of the terminal bronchioli were pres--

ent (Table 2).

The four grades are rather arbitrary
estimates of adenomatoid involvement of
the lungs based on the number and size of
adenomatoid formations present. Such data
were available on only 37 of the 42 guinea
pigs used in the experiment because the
organs of 5 animals were too decomposed
for permitting a reliable histologic study.
In six guinea pigs the intra-alveolar and
intrabronchiolar epithelial proliferations as-
sumed a degree of atypia in circumscribed
areas approaching the character of micro-
carcinomas.

TABLE 2.—Grades of Adenomatoid Prylifcrafions
“in Lungs of Guinca Pigs After Different

¥

Periods of Exposure to Nickel Dust

Exposure, Mo.

Grade 1-6 7-21

Guinea Pigs, No.

| '3 JOU Y 7 |
L./ TP, 1 20
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In one guinea pig an actual anaplastic
intra-alveolar carcinoma was found, and in
a second one a retroperitoneal node was
discovered which in all probability originated
from a pulmonary carcinoma. Similar mul-
tiple adenomatoid reactions have been re-
ported in guinea pigs after a long-continued
total-body exposure to y-radiation,*® after
an intravenous injection of methylcholan-
threne,® or subsequent to the injection of a
diphtheroid bacillus.® It is most probable,
therefore, that the pulmonary adenomatoid
responses in the guinea pigs and rats re-
corded, as well as, particularly, their
carcinomatous sequelae, provide a new ad-
ditional demonstration of the carcinogenic
action of nickel.™? Since these ncoplastic
and metaplastic responses were obtained by
the respiratory introduction of nickel into
the lungs, they duplicate to a high degree the
conditions which are associated with the
appearance of cancers in various parts of
the respiratory tract of workers fnasal cav-
ity, nasal sinus, lung) engaged in the smelt-
ing of nickel-copper matte in England and
Norway.3#10.11 The conclusion, therefore,
seems to be justified that thev are, like their
human counterparts, reactions of the respir-
atory tissues to the nickel inhaled, which
could be demonstrated in the ashed sections
prepared from the lungs of some of the rats
studied.

The various histologic changes observed
in the lungs of guinea pigs and rats make
it likely that most of the hyperplastic and
metaplastic epithelial proliferations noted
had their origin in the terminal bronchioli
from where they extended ino the adjacent
alveoli. Whether or not all of the alveolar-
adenomatoid lesions had this bronchiogenic
origin, on the other hand, is uncertain, be-
cause they were found in arcas in which a
direct connection with an altered bronchiolus
was not apparent. Since, however, serial
sections of the lungs were not prepared, this
issue must remain undecided. The adenoma-
toid pulmonary formations resembled in
only a very general way those not infre-
quently seen in mice. They were not nodular

606 .
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in outline aud were never papillary in struc-

ture but were similar to those described by
Norris.'* They were, moreover, generally
distributed throughout the lungs and did not
exhibit any preference to the peripheral por-
tions. Because of the frequent absence of
concomitant inflammatory reactions in the
lungs, the pulmonary adenomatosis cannet b
considered a nonspecific response to chronic
inﬁammhtory changes, such as those no:
infrequently noted in the peribronchial tissuc
of rats suffering from chronic pneumoniti-
and purulent bronchiectases, 1314

The adenomatoid formations seen in the
rats which inhaled nickel dust, on the othe:
hand, were often found in areas which were
not involved by chronic peribronchial in-
Rammatory changes and which therefore
most likelv were related in their genesis to
the action of inhaled nickel.

Summary and Conclusions

Practically all guinea pigs and many rats
belonging to two strains subjected to long-
continuned inhalation of finely  powdered
mictallic nickel developed multicentric ade-
nomatoid formations of the alveoli and hy-
perplastic proliferations of the terminal
bronchiolar epithelium.

One guinea pig had an anaplastic intra-
alveolar carcinoma, while a second guinea
pig. with extensive pulmonary adenomatosis,
showed an adenomatoid node resembling in
structure the pulmonary lesions in the
retroperitoneal space of the lower abdomen.

Lioth benign and mualignant  pulmonary
neoplastic lesions of guinea pigs and benign
hyperplastic adenomatoid proliferations in
the lungs of rats are attributable to the
nickel dust inhaled and may be considered
to be etiologic and organic cquivalents of
the respiratory neoplastic reactions seen in
copper-nickel matte smelter workers.

Nickel has been shown to be a carcinogen
to rats, rabbits, and guinea pigs, since it is
capable of cliciting sarcomas in rats and
rabbits after intraosscous and subcutaneous
introduction and of producing adénomatoid,
carcinomatoid, and carcinomatous reactions

Pol. 65, June, 1938
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i the ]ungs of guinea pigs after inhalation
'_of nickel- dust,

Nahonal Cancer Inshtute, T\Ianonal Institutes of

",j.i--’..Hcanh (14)
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ON THE TOXICITY OF SOLUBLE COMPOUNDS OF NICKEL, WHEN INTRODUCED INTERNALLY

(Article by A. I. Itskova, N. P. Elakhovskaya, 0. V. Kolbasova and
?. D. Lychnikova of the Sycin Institute of General and Communal Hy-
giene, the USSR Academy of Medical Sciences, Moscow: Farmakol. Toksei-

m:, v01o 32’ NO' 2, 1969, pp 216-2‘80)

According to the data of Hmelin, Bolotov and Khlopin (quoted by
S. N. Cherkineky), nickel salts introduced into an'organism per 98
are nontoxic. At the same time, there is the information that when

these compounds are introduced parenterally, they exert a toxic in-

; luence on an organism. On the basis of research by F. Ya. Berenshtein,

N. B. Nasyeltsky, I. A. Myedyanik and co-authors, M. I. Shkol'nik,

Caso, and Geras, it is possible to conclude that nickel changes blood
creation, the carbohydrate and albumen-forming functions of the liver
and the activity of a few enzymes when introduced parenterally in
doses of from 1 to 10 mg/kg. In the hygenic respect, the question of
the toxicity of soluble nickelAcompounds is of interest because nickel
is found in abnormal amounts in a number of sources of water supply.
In some cases this is the.result of the introduction of nickel and
polymetallic ores into sewage reservoirs during output and processing,
in others ~- the natural increase in the amount of nickel in the en-
vironment in regions rich in nickel.

We ascertained the degree of toxicity of chlorous (NiCla‘GHZO)

. _‘and sulphate (NiSOu-7H20) nickel by introducing them per 98 in

1



aqueous solutions.

Method

== 53

The experiments were carried out on white rats with an initial

=

weight of 150-1?0 g., into which aqueous solutions of nickel salt of
\
varying concentrations were introduced with a probe into the stomach

once every 24 hours in a quantity of 1 m1/100 g In the course of

the entire experiment, the animals received dry food briquettes and

water supply from a suspended glass water bowl. All doses and con-

centrations were calculated on ionic nickel.

Results

For the introduction of chlorous nickel, LD50 was established

at 105 mg/kg for males and at 129 mg/kg for females.

Animals who received nickel in a dose higher than 250 mg/kg
died in 5-20 minutes from the moment of priming, exhibiting strongly

pronounced adynamia and areflexia. Doses of 172-222 mg/kg produced

strong excitement and heightened motbr activity immediately after

introduction of the solution, which was superseded after 20-40 minutes

by a depression of the nervous system. In all the animals we observed

e

|
l
[ edema of the mucous membranes of the mouth and nose, viscous trans-
;

; parent excretions from the mouth cavity, hyperaemia of the nose and
" cochleae, and epiphora. The mice died 4-7 hours after priming. The
@E same phenomena were observed in animals who received chlorous nickel
Eﬁ in a dose of 98-148 mg/kg, but the inhibition stage was superseded by
pormalization of motor activity. Diarrhea and bloody excretions from

the nose appeared in a majority of the rats. Isolated animals died a

iﬁm?few days after priming. Rats, into whom chlorous nickel was introduced

2
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in a dose of 49-73 mg/kg exhibited all symptoms of intoxication very
weakly, and symptoms of acute intoxication were not noted in rats who

received that substance in a dose of 25 -mg/kg.

‘ Experiments to study thé cumulative properties of nickel were

% conducted on 50 rats, into whom chlorous nickel was introduced daily

for 4O days in a dose of 20 and 5 mg/kg. In 2 experimental groups
were 20 animals, and the third group of 10 rats served as the control.

For the length of the entire experiment, not one rat died. After

. finishing the priming, a dose of nickel equal to LD50 was introduced

"into half the animals of each group once a day'. After this, two rats

died in the group where the animals had received nickel in a dose of

- 20-mg/kg; out of the number of animals who had received 5 mg/kg -~ 1,

in the control -~ 2 rats. Therefore, the percentage of animals who

died was less than 50. Theée data, and also the absence of death in

’t;;animals after prolonged introduction of nickel in a dose of 20 and

{ﬂ 5 mg/kg, when the total introduced was about 8 x and 2 x the LD5O,

indicate: that nickel does not possess cumulative properties.
| Chronic experiments were carried out on 72 rats in the course of
7 months. The daily dose of nickel was established at these: 5.0;

0.5; 0.05; 0.005; and, 0.0005 mg/kg. The dynamics of the weight of
Ii the animals; the morphological composition of the blood and the main-
% tenance of hemoglobin; the maintenance of common albumen and the ratio
of the albuminous fractions of the blood serum; the maintenance of the
| sulfhydryl groups in the serum; the activity of the cholinesterase and
serum amylase; the enzymes of the small intestines -~ alkaline phos-~
phatase and enterokinase; the maintenance of ascorbic acid in the

liver and adrenal glands; and, the balance and absorption of calcium,

magnesium, nitrogen and phosphorus were studied. At the conclusion

o 3



of the experiment, pathomorphological investigations of the organs

‘yééand tissues of the experimental animals were conducted.

The rats who had receivéd nickel did not keep up in weight with
the ahimals in the control group (Fig. 1). For animals into whom

nickel had been introduced in a dose of 5 mg/kg, the difference was
statistically significant (P=0.05). In the balanced experiments a

reduction in the absorption of calcium and magnesium (Fig. 2) was

noted in rats who had received nickel in a dose of 5 mg/kg (P<0.05).

5%
o 24 . . j‘ o C.‘é
, b, g 2 /",:,-’-‘_,’/'ﬁ”,, 5’3 g g
° & 200 SF T Lo I
| e £ s5
08 s o SEE 5t
o 7/ oo T
o - st Lo Qo %)
e 7 0.8 %
58 s AT
g%’ 120} S
- s & R A Fig. 2. The absorption
' T , of calcium (&) and mag-
Date of Weighing nesium (b) in percent- -
; Fig. 1. The dynamics of the weight ages of the introduced
of animals during daily introduction dose in the control (1)
er os of chlorous nickel in a dose and during introduction
. of 5 (1)3 0.5 (2)3 0.005 (3) and of nickel in a dose of
0.0005 mg/kg (L4) in comparison with 0.005 (2) and 5 mg/kg (3).
- the control (5). .
The maintenance of ascorbic acid in the liver was substantially

reduced during the introduction of nickel in a dose of 5 mg/kg (up
to 5.0 % 0.86 mgh against 9.1 = 1.3 mgh in the control, P<0.05).

- Some reduction iﬁ the maintenance of ascorbic acid was also noted‘in

the adrenal glands.
The introduction of nickel in a dose of 0.5 mg/kg weight led to

a reduction in the activity of alkaline phosphatase and enterokinase
in the contents of the intestines, as well as in scrapings of the

le;%mucoua membrane. This fact produces interest because it is exactly

in the upper sectibn of the small intestine that absorption of nickel
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occurs.

As far as the other tests employed in our research are concerned,

no changes were noted.

During pathomorphological investigations of the organs and tissues

of the animals, noticeable changes showed up in the mucous membranes of

the upper section of the small intestine where an intensified prolif-
eration reaction of the villi of the epithelium and a round-celled

infiltration of their stroma was noted. In individual animals the

appearances of necrosis of the apical parf of the villi were observed.

As a result of the introduction of nickel in a dose of 5 mg/kg, exten-
sive proliferation processes of the elements ‘0f the lymphoid vessels
in the villi's stroma were noted in the small intestine. The appear-

ances of micronecrosis were noted in the apical part of the villi,

nand here and there were the appearances of atrophy and desquamation

-‘of the villi of the epithelium with denudation of the basal membrane.
We did not discover the influence of nickel on the function of
blood creation. This influence, noted during parenteral introduction

of nickel salt in a dose of 1-10 mg/kg, is, in the opinion of a number

of authors, characteristic for nickel and is the basis for comparing
its action with the action of cobalt. The absence in our research of

changes in the blood creation function can be explained by the fact

that during introduction per gs up to 90% of the mickel is excreted

unabsorbed. Therefore, the absolute quantity of nickel absorbed in

=

an organism is significantly less than that which influences the blood

e

system during parenteral introduction.

Conclusions

1. LD50 of nickel for white rats during internal introduction

5



| in aqueous solutions was established at 105 mg/kg for males and 130
t ﬁ}mg/kg for females calculated on ionic-nickel. Nickel does not possess

cumulative properties. .

2. During prolonged daily introduction into an organism in a
dose of 5 and 0.5 mg/kg, nickel reduces the activity of enzymes ~~
alkaline phosphatase and enterokinase of the upper section of the

small intestine and decreases the absorption of calcium and magnesium.
It reduces the maintenance of ascorbic acid in the liver and provokes

a lag in the weight of the animals.
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[0 TOKC“‘IHOCTH\PACTBOPHMle COEAWHEHHA HUKEJS
fiPU BBEJIEHUH BHYTPb

A. H. Hyxosa, H. I1. Eaaxosckas, 0. B. Koabacosa, T. A. Jloiuruxoea
A. H Cuicnia AMH CCCP,. Mocksa

" Uucruryr obmeft H KOMMYHaJAbHOR THTHEHB HM.

[lo naHHHIM I'menuna, Bonotosa, XnonkHa (unr. C. H. HepkuHCKHuE),
CONM HHKed» Tph BUSISHHH B OPraHH3M per 0S HeToKCHuHH. BMmecTe ¢ Tey
" WMeloTCH CBeJEHHsl, UTO Npi NapeHTepajibHOM BBelCHHH 3TH COELHHeHHs
OKA3HIBAIOT TOKCHYECKOE BJHAHHE Ha OpraHHM. Ha ocHOBaHHH HCCJIeZo-
panufi ®. §. Bepenmwreina, H. B. Haceasckoro, M. A. Menasnuka c co-
asropamu, M. H. llKoabhuKa, Caso, Geras MOXHO 32KJIOYHTb, UTO HHKE1,
npn napexTepanbHOM BBEICHHH B nozax or | go 10 Mr/Kr H3MEHAET Kpo-
BeTBOpeHHe, YIJIEBOAHYIO H 6enxkopooOpasyomyo (QYHKUHH TNEYCHH
AKTHBHOCTh HEKOTOPHIX (pepMenTOB. B rHrHeHHYECKOM OTHOWEHHH BONPOC
0 TOKCHUHOCTH PACTBOPHMBIX COCJAHHEHHH HHKes Npe/CTaBAsSeT HHTepec
B CBA3H C TEM, uTO B pAje HCTOYHHKOB BOAOCHAGKEHHsA HHKeJNb Cojep-
JKHTCS B TIOBHILIEHHBIX KOMHuecTBax, B OMHHX cayuasx 310 ABAfIETCH caen-
CTBHEM NOCTYIJIEHHS B BOJOEMbl CTOUHEIX BOA npeanpusTHA no A06HIYe
u nepepaboTKe HHKENEBHIX M MONHMETAJIHUECKHX pyd, B APYFHX — ecTecr-
BeHHbIM MOBHIIIEHHEM COAEPXKaHHA HHKEJIs BO BHellHefi cpede B paMoHax,
6oraThix HHKeJeM.
Mb  BHSCHHJIH CTefeHb TOKCHYHOCTH XJIOPHCTOrO (NiCl; -6H0) u
CEpHOKHCAOTrO (NiSO4 - 7H;0) nukens npH MOCTynaeHHH pér os B BOJHEIX

pacTBopax.

o |

Meroauka

B . OnwtH NPOBEAeHH Ha OeanX KpHCEX € Hexoxuuim Becou 150—170 1, KOTOPHM BOJ-
HHe pacTBOPH coniell HHKeAsR 23ANUHOA KOHUEHTPAIMH BBOAHAH 30HAOM B XKEJNYAOK l pas
B CYTKH B. Kojimuectse 1 Ma 100 r. B TeueHHe BCETO OMBLITA XKHBOTHHE TNOMYHaIH cyxoit
GpuKeTHHt KOPM H BOAONPOBOAHYIO BOAY H3 CTeKJAAHHBIX WABECHHX Oounok. Bee aoau u

KORUEHTPALHH npuseeHH B pacuyere Ha HOH HHKens.

PeayastaThl

[IpH BBElGHHH XJOPHCTOro HHKEnNs Jls camuos LDso cocrasasna
' ' - 105 mrfkr, a AAs caMOK — 129 wMr/xr. ‘

' JKupoTHble, MOJyyaBHIHe HHKeJb B J03€ Bbille 9250 wmr/xr, norn6aau
' - p TeyehHe 5—20 MMH. OT MOMEHTa 3aTPaBKK MpH ABJEHHAX pe3ko Bbipa-
seHHoli aaMHamuu  apedaexcun, Jlosbt 172—222 mr/kr cpasy e HOCae
BBeJicHHsI pacTBOpa BHI3pIBA/NH CHJIBHOE Bo36yK/eHHe, NOBBIMEHHYIO ABU-
raTeNbHYl0 aKTHBHOCTb, KOTOpas uepes 90—40 MMH. CMEHRJIACh YTHETEHHEM
HepBHOA CHCTEMBbl. Y BCEX JKHBOTHHIX HAGMIOAANKCh OTEK CAH3HCTHIX 06o-
JoyeX PTa M HOCa, BA3KHE Mpo3pauibie BHINCACHHHA H3 NONOCTH pTa, -
nepeMHst Hoca M YIIBIX PaKOBHH, cnesoreyenne. Kpblcsl nori6anu uepes
4—7 yacos TMoCJe 3aTpaBKH. Y MHBOTHUIX, NIOJy4yaBIUIHX XJIOPHCTBIH HHKEIb
B no3e 98—148 mr/kr, HaGnioiannch Te XKe ABNEHUSA, HO CTaaus TOPMO-
JKEHHSl CMeHsJachb HOpManusauue JBHraTeNbHON AKTHBHOCTH. Y 00ab-
IIMHCTBA KPHIC NOSBASIMCH KPOBAHHCTbiE BBIIC.ICHHA W3 Hoca M TOHOC.
Ot/ienblbie JKHBOTHBle NOrHGajn Yepes HECKONbKO CyTOK mocJie 3aTpaBkH.
! V KHBOTHBIX, KOTODPBIM XNOPHCTBIl HHKEAb BBOAHJH B J103€ 49—73 wmr/kr,
Bce CHMNTOMbl MHTOKCHKauMH OLLIH BbipaXeHh O4€Hb cnabo, a y Kpbic,
MOIyyaBLIHX 3TO BEWECTBO B 103¢ 95 Mr/Kr, CHMNTOMB OCTPOH HHTOKCHKA-

L[HK He OTMCUYEHBIL. ’ '
OnHWTH N0 H3YYeHHIO KYMYJIATHBHBIX CBOACTB HHKEAA NPOBENCHEI Ha
50 KphICaX, KOTOPHIM XJOPHCTHIH HHKEb BBOLH.H exXeAHeBHO B TeEUeHHe

e
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40 aner B no3e 20 u 5 mr/kr. B 2 onbiTHBIX rpynnax 6biao no 20 XHBOT-
uX, 3-1 rpynna u3 10 Kpbic cayxuaa konrposeM. Ha nporsxxenuu Bcero
onwTa HH 01na Kpbica He noruOna. [lo oxolYaHHH 3aTPaBKH MNOJIOBHHE
KHBOTHBIX Kax1o# rpynnul Obl1a BBeleHa O/IHOKPATHAas A03a HHKe/s, pas-
nasn LDso. ITocre 3toro B rpynne, rie >HBoTHble NOAYYasH HHKEIb B J03e€
20 Mmr/xr. norn6ao 2 KpHICH; H3 YHCAA KHBOTHBIX, MOJYYaBLINX
5 mrfkr,— 1, B Kentpoae — 2 kpuickt. Takum oGpa3soM, npoueHt noruGuinx
KHBOTHBIX ObL1 ‘MeHnee 50. DT j1aHHble, a TakkKe OTCYTCTBHe THOEAH XH-
BOTHHIX TIpH LIHTEJLHOM BBeAeHHH HHKeasn B no3e 20 u 5 Mr/kr, Koraa
cyMMapho Oblno BBeleHO Okoa10 8 u 2 LDj,, roBopaT o TOM, 4TO HHKEJb
He 00.1a1aeT KVMYJISITHBHLIMH CBOACTBaMH.

XpoHityeckie OnbITH NpoOBeleHLI Ha 72 Kpblcax B TeueHHe 7 MECsUeB.
Cytounas 1032 HHkeasi cocTasisaa npu  3stom 5, 0,5 0,05, 0,005;
n 0,0005 mr/xr. Hayuaauchy 1nnaviika Beca KHBOTHBIX, MOP(O0OTrHUECKHIT
€OCTaB KPOBH H cojaeprkalive remoraoGuHa, conepxanue obuero Genka H
cooTHomeHHe OeaxoBbIX (PpaKuHil CHIBOPOTKH KPOBH, CONepMKaHHe cyJibd-
THAPHJABHBLIX TPYNN B CHLIBOPOTKE, AKTHBHOCTH XOJHH3CTEPasbl H CHIBOPO-
TOYHOfI amMHaa3bl, PepMEHTOB TOHKOTO KHINEUYHHKa — IlenoyHof ¢ocdarta-
36l H 3HTEPOKHHA3bl, COAepXKaHHe acKOpPOGHHOBONH KHCAOTH B NMEYCHH H Haj-
noyeuHnkax, Ganaic M BcachlBaHue KajblHfl, Marius, asora u cdocdopa.
Mo oxoHyauun onewiTa NPOBOAHAH NAaTOMOPGOJOTHUECKHE HCCAENOBAHHA
OpraHoB M TKaHe#l NOJONBITHBIX MHBOTHBIX.

Kpbich, nosayuyasuine HHKeJb, OTCTABaJH B Bece OT JXHBOTHHIX KOHT-
poabHoit rpynntt (puc. 1), Jas XHBOTHBIX, KOTOPbIM BBOJHJAH HHKeJb B
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OO bkt Puc. 2. Bcacnpanie kanb-
A 20 75T 2 1o 1648 9T 1Y wis (@) # Marmua (6) m
soma bsbewnbemnn NpoUeHTax OT BBC1EHHOMH
Puc. 1. lunamuxa Beca IKHBOTHHX 1pH mo3nl B Koutpoae (I) n
eAeJHEBHOM BBCACHIH PCr 08  XJOPHCTOrO ) P BBENCHHH  HIKeNs
BHgeas B aose 5 (f); 05 (2); 0,005 (3) 8 jose 0005  (2) u
n 0,0005 m2/k2 (4) no CpaBHEHHIO C KOHT- 5 mefx2 (3).

poaem (5).

103e 5 Mmr/kr, pasHuua Gbl1a CTaTHCTHYecKH nocroepHa (P=0,05). B Ga-
J1aHCOBBIX ONLITax OBIO OOGHAapyXeHo CHHXKEeHHe BCAcHBAHHUA KajblUHA H
Maruus (pHc. 2) y Kpbic, NOJY4YaBIIHX HHKeab B fpo3e 5 mr/kr (P<0,05).

Conepxannue acKOpGHHOBOM KHCJIOTHl B MEUEHH CYIUECTBEHHO CHHXa-
70Ch MpH BBeJGHHH HHKens B jo3e 5 Mr/kr (mo 5,0:+0,86 Mr% nportus
9,1+1,3 Mr9% B kourpone, P<0,05). HekoTopoe cHHXKeHHE COAEPKAHHUA
ACKOPOHNOBOA KHCJAOTH OOGHapyXeHO H B HaAIOUeYHHKaX.

Beenenne Huxens s nose 0,5 mMr/kr Beca MNPHBOAHIO K CHHIKEHHIO
AKTHBHOCTH wejoyHoN docarasnl u 5HTEPOKHHA3H KAK B COAEPIKHMOM
KHIIeYHHKa, TaK H B COCKOGe CAM3HCTON 0060/10YKH, IDTOT (BAaKT npeacras-
AseT MHTEpeC B CBSI3H C TeM, YTO HMEHHO B BepxHeM OTIAede TOHKOro KH-
lleyHHKa HPOMCXOJHT BCachbiBaHHe HHKeNs.

IMo ocTanbHbBIM TecTaM, NPHMEHABLIHMCH B HAIIHX HCCAEAOBaHHAX,
HHKAKHX H3MeHeHHA He oOGHapyIKeHo.
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Tpn natoMopdoJorHYECKHX HCCACLOBAUNAX Opraios I TKaHel u.
BOTHBIX 3aMeTHble HaMEHEHHA BuiABJeHLl B CAHIHCTON 06OJIONMKe Bepxiierq
or/1e1a TONKOro KimeuHHKa, rae OTMcueHa YCHACHHA npoauepaTHBLag

eaKIU NITENIs BOPCHHOK H KPYIVIOKAETOHHAS HIPHABTPAILHIS 1IX CTPOMIY,
OTACABHINX MHBOTIMX HAGMOAANNCH sIBJeHlsT HEKPo3a anHKaJIBLHBIX ya.
ereil popemiok. Hipn siesenin nukeas 8 jlose 5 Mr/Kkr B TOHKOM KHHI€Ulijike

‘oGHapyxenut oGumnpuuie npoadepatHpibic MpoIecchl NUMDOIAHOTHCTHO-

UHTAPHBIX SACMCHTOR B CThose Bopeunok. B amiKanbHOR 4acTH BOPCHHOK
OTMEUEHI SBJAEHIN  MIUKPOUCKPOSH, MeCTaMi aTpodiucckHe ABJIEHAS
JACCKBAMALHA SMHTEMB BOPCHIOK ¢ oroaciiem Gasanibuoil McMOpaHbL.

HaMmi He OGHApyClUO B/IMsUIN HHKeAs Ha (PYNKIHIO KpoBeTBopemy,
S0 BAHsINHE, OTMEUEHHOC NPIl NAPEHTEPANILIOM BHCIENHH COMCA HHKeuy
B nose 1—10 Mr/Kkr, sIBASIeTCH, MO MIeNNO psifa aBTOPOR, XapaKTCPlily
A1 HHKeJR W JAaeT OCHOBAaHHe COMOCTaBJaATbL ero JfeficToite C nefictauey
k06anbTa. OTCYTCTBHEe B HAIHX HCCJENOBAHHAX CABHMIOB B KPOBETBODIioj
dynkunn  Moxer ObiTb OGDBACHEHO TeM, H4TO MNpH BBEACHHIl Per os
0 90% HHKess BBIBOJAHTCS He BCAcblBasiCh. Takum o6pa3oM, abconiOTHoe
KOMYeCTBO BCAcaBLIErocs B OPraHH3M HHKeNs 3HAYHTENBHO MEHBUIE Toro,
KOTOpOe OKa3biBaeT BAMsSIHHE Ha CHCTEMY KpPOBH NpH TNapeHTepaibHon
BBEJEHHH.

Boioabi

1. LDsp nnkens nna GenblX KphiC ApH BBEJEHHH BHYTPb B BONMHEIX
pacteopax coctapaser 105 Mr/kr mis caMuoB H 130 Mr/Kr An9 CaMOK B
pacuere Ha HoH HHkens. Huxenp He o6rajaer  KyMyJMATHBHbiMK
CBORCTBaMH. _

2. Ilpn AAHTENbHOM €XeJHEBHOM MOCTYMJEHHH B OPraHH3M B J03e
5 n 0,5 Mr/kr HHKeAb CHHX@eT AaKTHBHOCTb (epMeHTOB — IIEJIOYHON
¢ocdaTasbt M SHTEPOKHHA3H BEpXHEro OTAe]a TOHKOTO KHIUICYHHKA i
yMeHbllaeT BcachiBaHie Kaabuua u MarHua. On CHHXKAer COLepHatie
acKOPGHHOBOA KHCJOTH B MNEYeHH H BBHI3LIBAaeT OTCTaBaHHe B BECE Xu-
BOTHBIX, .
JUTEPATYPA

Bepenwvefin @ §l. MukposnemenTsl, uX GHOJMOFHUECKAR pONb W 3HANCHHE Ang
KUBOTHOBOJICTBA, Munck, 1958. —Bofnap A. O. BHoaorndeckas poib MHUKpO3JEMex-
TOB B OpraHH3Me MKHBOTHBIX N YCJAODBCKa. M., 1960. —Haceabckui H. B. B ku.: Muk
poO3NeMeHTH B CELCKOM  XO3iCTBE M MERHLiHE. Pura, 1956, c. 597.—Yepxux-
ckufr C. H B ku: CanutapHas OXpaHa BOJOEMOB OT 3arpf3Henisi NPOMbLILLICHHHMYE
CTOUHLIME BOAaMH. M., 1954, 8. 2, c. 87.—Wlkoasuuk M. U. B xu: Mukpo3aieMenTH
B CeNbCKOM XO3RACTBE 1 MeaMumMe. Yaaun-Ya, 1966, 1. 2, ¢. 5. —Caso G, Ber ges. Phy-
siol, 1933, Bd 72, S. 742; Bd 75, H. 5/6, 1934. —Geras C. Llur. A. O. Bo#nap.
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ON THE TOXICITY OF DISSOLUBLE NICKEL COMPOUNDS
WITH THEIR ENTERAL INTRODUCTION

A. 1. Itskova, N. P. Elakhovskaya, O. V. Kolbasova, T. D. Lychnikova

LDg of chlorous and sulfuric nickel administered per os in aqueous solutions .

constitute when calculated to the value of nickel 105—130 mg/kg. Nickel does not posses
cumulative properties and when introduced into the organism daily for a long time in
doses of 5 and 0.5 mg/kg it reduces the activity of alkaline phosphatase and enterokina-
se of small intestine, as well as diminishes absorplion of calcium and magnesium. Nickel
brings down the level of ascorbic acid in the liver and causes retarded weight gain of
the animals. :
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97 THE, ABSORPTION AND EXCRETION
- OF. "MINOR’ ELEMENTS BY MAN
2 COBALT NICKEL TIN AND MANGANESE

BY NORMAN LESLIE KENT anp
. :ROBDRT ALEXANDER McCANCE

From the Department of Medicine, Cambrzdge

g :, (Recewed 30 July 1941)

IN a prevmus paper Kent & McCance [1941] described the results of theu- work _
on the absorption and excretion of Ag, Au; Li, B, and V. The experiments now N
to be described have been carried out in a similar way. As before, the subjects : .
have been either patients or normal persons and the same spectrochemical ‘ .
apparatus and analytical téchnique have been used. The previous article should o
be consulted for information about the analytical methods; a full description of

the normal subjects and of the metabolic organization has becn given by McCance . .
& Wlddowson [1941]

Cobalt
Bertrand [1926] and his co-workers showed that Ni and Co were present in
all samples of arable soil collected from European countries. They also found:
these elements in plants and in many human and mammalian organs [Bertrand &
Macheboeuf, 1926; Bertrand & Mokragnatz, 1925]. Wohlwill [1907] reported
that neither Ni nor Co was absorbed from the gut, but this must have been due
to faulty analysis, for absorption has heen demonstrated by others [Mascherpa,
1927; Simesen, 1939). The facility with which ‘coast’ disease in sheep can be
cured by a Co drench [Askew & Dixon, 1936; Wunsch, 1937] and the ease with
which polycythaemia can be produced by the oral administration of Co [Josland,
1936] are excellent proofs that at any rate small quantities must be absorbed.
If Co has once been absorbed or has heen given parenterally, the literature
suggests that it is excreted partly by the kidney and partly by the intestine
and that the route depends to a large extent upon the nature of the compound
and upon how it has been administered. Untersteiner [1931], for example,
found that divalent Co was more rapidly eliminated than trivalent Co. Simesen
[I‘UQ] recovered in the urine of the next 24 hr. 809, of the Co which he had
injected as [Co,CO(NH,),]Cl subcutaneously into rabbits. This compound was
excreted unchanged by the kidney.- Mascherpa & Perito [1931], who administered
CoCl, to guinca-pigs by the same route, recovered from the urine during the
following 10 days less than half the quantity injected. Le Goff [1927] injected
" 4 mg. of CoCl, intramuscularly into a man and recovered 6-8 mg. of the salt
" in the urine mthln the next 18 hr. He recovered a much smaller quantity
. (264 mg.) from another patient who was a diabetic. Unfortunately thc faeces
were not examined. |
The presence of Co in bile was demonstrated long ago by Stuart [1884]. This
was not confirmed by Mascherpa [1927], but has been substantiated by Caujolle
[1936] after intravenous administration of the chloride.
The sub)ect of the present experiment was a male hospital patient suffering
. from carcinoma of the stomach His kidneys were functioning normally and he
oo o A R (377) :
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did not vomit during the studies. Excluding the preliminary and after periods
the experiment lasted 2 weeks. During the first, which served as tho contrql,
the patient was given a weighed diet, and urine and faeces were collected quan-

U titatively. During the 2nd week the diet was repeated in every possible respect
and urine and faeces were collected as before. On 5 of the 7 days of the 2nd weck

CoCl, was injected intravenously and in all 13 mg. of Co were administercd i
this way. The urine and faeces of both wecks were analysed for Co, but not the

' food. The results are given in Table 1. The 1st week’s data show that the food
o Table 1. The metabolism of cobalt
o : - Urine
.. Co injected Co excreted, mg, T Co as
‘intravenously p A ~ % of
Week mg. - Urine . Faeces Total = total
0 0-21 108 7 1-25 17
' 2 13 236 - 178 4-14 57
" ’ Excess of 2 over 1 13 - 216 0-74 289 4
must have contained appreciable amounts of Co and that only 179, of it passed

through the kidney into the urine. During the week in which the injections were

inerease in the faecal excretion. Assuming the Co intake by mouth to huve been
the same in both weeks, the results show that of the 13 mg. which were injccted
- intravenously 2-89 were excreted in the week, 74 % of this amount by the kidncy.
. This single experiment confirms in broad outline the results of previous workers

channel of excretion for the Co in natural foods, probably because relatively,
little is absorbed. Once Co has reached the tissues, however, it indicates that the
processes of elimination are very siow, and that the kidney is the organ chiefly
. responsible. In the rate at which the Co was excreted the present results differ
- from those of Copp & Greenberg [1941], who administered radioactive Co to two
" . rats and found-that 909, of the Co injected intraperitoneally into one animal
. was excreted within 4 days. This rapid elimination may be peculiar to the rat.-
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The occurrence and distribution ‘of Ni in soil, plants’and in human and
animal organs was studied by Bertrand.and his fellow workers [Bertrand &
Macheboeuf, 1925; 1926; Bertrand, 1926]. They found that Ni and Co had-

- similar distributions in nature, but that animals tended to contain more Co than
Ni, plants and soils more Ni than Co [Bertrand & Macheboeuf, 1926]. Mascherpa
{1927} and others have studied the absorption and excretion of Ni and its salts.

s
A
A

+ intestine rather than by the kidney. This is thought to explain why early
_ workers found that Ni was not absorbed after being taken by mouth. -It has
- ", been demonstrated in the bile by Stuart [1884], Lehmann [1909] and Caujolle
S [1937]. Few records have been found of experiments on man, and none of the
' elimination of Ni after intravenous or subcutaneous administration. A general
account of the absorption, excretion and pharmacalogy of both Ni and Co has
been given by Hendrych & Weden [1934]..° ool s e e
Two normal men were the subjects for the present studies. Each received
daily intravenous injections of N iCl, during the second week of a long metabolism -
experiment. The results are shown in Table 2, and it will be seen that before the

b
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given there was a tenfold increase in the urinary excretion and a much smaller .

on animals and of Le Gof [1927] on man. It suggests that the gut is the main -

" .- Large doses,” whether by mouth-.or injection, produce a muco-haemorrhagic .
.. enteritis,"and there is general agreement that this metal is excreted into the ~
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‘T‘alﬁle 2. The absorption and excretion of nickel .

Ni intake Ni excretion
A N ./period ) mg./period ’ )
« ) Langtlr ,ﬁ.)_ﬁ ,___._,pLﬁ , Ni -
~ - of period . In In In Balance  ‘recovered’
Subject ays - Injected ~ food _urine faeces mg. mg.
EB. . . 7 .. 167 072 - 04 ‘
| 842 0-69 + 6-88 - 38
ST 7 . 3-16 119 ~ 168} ‘
TONKYT 9 L2200 199 - ‘
U T . - 670 1-33 - +17-48
4 © 283 059 - 128 :
3 Y : 348 2n ~ 216 74
BB SR U261 . 205 0 - 148

LI . N ",A_; “.- i i'_ .
injections were made there was more Ni in the urine than in the faeces. This

suggests a ‘reasonably good absorption of the traces of Ni normally present in
food. E. B. was almost exactly in balante at this time. N. K.’s balance cannot
be given since the figure obtained for his food suggests that it became con.

;- taminated with Ni from cutlery during its Preparation for analysis. Great
" precautions were subsequently taken to.work only with wooden utensils. During
. the period of injection the output of Ni rose in the urine of both subjects, so that

they eliminated more by this channel than they took in with their food, and they

continued to do so in later periods. Clearly Ni was being excreted in the urine,

The faecal outputs did not rise during the period of Ni injections, and in sub-
sequent periods they varied in quantity but tended to be slightly higher than

they had been during the preliminary week. Only 429, of the Ni injected into
E. B. was recovered and 37 % of that given to N. K. 'Ni, like Co and Sn (vide

infra), was excreted slowly and rather incompletely in these experiments and
- the organ mainly concerned was the kidney, not the gut.

Tin
"The metabolism and pharmacology of Sn have been studied spasmodically
since foods began to be preserved in cans. Most authors are in agreement that

foods may become contaminated with Sn from tinned containers, but small
quantities of the metal have also been found in fresh foodstufis [Boyd & De,

- 1933; Bertrand & Ciurea, 1931]. Within recent years Sn salts have had a vogue

in the treatment of furunculosis and most of the proprietary preparations are
intended to be given subcutaneously. Apart, thercfore, from the possibilitics
of industrial poisoning, it is evident that the body is frequently faced with the
liccessity of having to deal with small amounts of Sn salts. Buchanan &
Schryver [1908], using human subjects, and Datta [1940], working with rats,
Came to the coneclusion that tin was poorly absorbed and that small amounts
taken by mouth were excreted mainly in the faeces. Sn given by subcutancous
Or intravenous injection to animals has been reported to he rapidly removed
from the circulation and to be excreted slowly and incompletely by the kidney
[Cogar & Bedlander, 1887; Buchanan & Schryver, 1908: Salant ef al. 1914;
191y, Salant, 1920]. No account has becn found of the excretion of Sn after
intrivenous or subcutaneous administration to man, .

Two normal men acted as subjects for the present investigations and each
' ived a total of 28 mg. of Sn as ‘Stanoxyl’ by daily intravenous injection
Pring the 2nd week of & 21-day metabolism experiment. The st week served
&~ a vontrol, during which the absorption and excretion of the Sn present in the
{0 was followed. The results are given in Table 3. Both men were roughly in
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Table 3. The absorption and excretion of tin
Sn intake
mg./period Su outpus
S R, mg./period -
Length  TInjected —
of period  during In In In Balance.  Snreoppy -
Sul)jer-t_'. days  2nd week food urine faeces  mg./period ne.
E. B, 7 0 144 7-2 66 + 06
7 28 13-1 126 73 +21-2 -
7 0 124 13-4 11-9 -12:4 i
R. M. 7 (L 12-8 88 - 29 + 11 o
14 28 30-5 38-6 10-6 +11-3 e

balance during period 1 and were excreting 52 and 759, of their whole Gutrogg
of Sn in the urine. These figures are much higher than those of Datta 7jn;n
or of Buchanan & Schryver [1908]. During subsequent periods the injecreg s,
was slowly excreted. 70 % of the amount administered was TeCOvere:| +igm
E. B. and 60 %, from R. M. The kidney excreted most of this extra S, alth,.agf,
the amount in the faeces also rose slightly. The part played by the kidnc wan
be appreciated more fully if the amounts in the food and urine are conipared
before and after the injections were given. !

Manganese

The regular occurrence of Mn in plants and animals—and hence in for|.-.

has been a well-established fact for many years [Bertrand, 1939], and many
tables have been published showing the usual range of Mn concentration e
varions foodstuffs [Lindow & Peterson, 1927: Skinner & Peterson, 142y -

Davidson, 1929; Remington & Shiver, 1930; Richards, 1930; Peterson &

Skinner, 1931]. Perla et al. (1939] found that rats might retain little or nons of -

the Mn naturally present in the food, practically all of it passing out in the
faeces. When inorganic Mn was added to the food so that the intake was raised
from 0-096 to 0-165 and later to 13-45 mg./rat/day, 259% of the dose was
absorhed and retained. Skinner ef al. [1931] obtained somewhat similar results,
but found much higher.percentages of Mn normally excreted in the urine.

The kidney has never been found to play an active part in the climination of
Mn [Harnack, 1901], Normelly, only a very small part of the Mn in the food is
excreted by this organ, and the figure of 209, which: Skinner et al. [1931]

obtained, seems very high in the light of other work. Mn taken by meuth may

increase slightly the amount in the urine; but the proportion so excreted always
falls [Perla e al. 1939 Skinner et al. 1931]. Reiman & Minot [1920] showed that
these conclusions held good also for human subjects, but in their opinion part at
least of the Mn in the facces represents Mn that has been absorbed and sub-
sequently eliminated.. These workers found that after a man had taken 8 g. of

franklinite, containing 0-77 g. of Mn, the blood Mn might rise from 0-012 to

0-024 mg./100 ml. within an hour, and that after: patients with biliary fistulae
had taken 3 g. of franklinite by mouth the Mn in the bile might rise to 10 times

its previous level. They held therefore that at least a part of the Mn in the faeces

represented metal which had been absorbed, only to be re'-excrebed, Few re- -
ferences have been found to experiments in which Mn was injected into animals
and none to such experiments on man. Calin [1884] injected toxie doses of -

Mn salts into rabbits, killed the animals shortly afterwards and analysed their
organs. He concluded that Mn so administered was eliminated mainly by the

. intestine. Quite recently Greenberg & Campbell [1940] have used a radioactive
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motope, Mn*, to foIlow the fute of Mn in the body. 1 mg. of Mn™ w as injected
intraperitoneally imto 1 rat and during the subsequent 4 days 90-79%; of it was
Tecovered in the Tueces. The result would have been more convineing if the Mn
bad been given intravenously er subcutaneously rather than intraperitoneally.
The qnuntity excrefmd inthe urine was too small to have any significance and the

remaining 9-3 9, of the injected Mo™ was found i the bodxly argans.
.. One wmmm a.nd two tnen—all normal persons—were the subjects of the
present experiments. Each received 4-7 fnjections of Mn butyrate during the
. 2nd wof » 4-period :metabolism experiment. E. B. received a diet designed to
; © - eomtain very Little Mn; A, M. and P.S. took 46-50 9, of their calories in the form
i of white flowr. Tu other respects the latter’s diets were freely chosen. A, M.
© filie woman), who recsived 14-3 mg. of Mn, and E. B., who received 19-8B mg.,
exereted, Ettle or none>of ‘the injected dese within the time of observation.
P. B, bowever, who received 31-5 mg., probably -excreted 16-1-mg. in the

PRI

Tnb]e 4 ﬂ’he &amjptum end excretion af m(mganew .

- Il e T
.
T

i — 3 fkake S ~Mn ‘ e
- . " mg.tpesiod - .- .exoretion . . e 3 .
o i . : - Period ,--——A-—-. - mg./period. - Mn -’
3 e ) S mo, and By . S ‘Balance  recovered
" e . Bubject ~ Jength mouth In)ectad Tirine - Faeees mg. period me,
. ALM. 1(idays) . 155 X [ 17 - o+ 1
,-a i 2 (7 davs) 19-7 - 14d 64 17 +16-1
3(7dave) = 234 03" T 249 - I8: 31
S "4 (7 days) 58 0-9 1540 - 31)
BB 1 (6 days) 10-3 03 193 - 03
i 2 (6 davs) 13-4 19-8 02 145 +18:5)
3 3 {6 days) 125 - -4 2-0 - 0] ]
4 (6 da¥ys) 14-6 0-4 82 = enf
b P.s 1(7 days) 465 12 480 - 27
2 (7 dsys) 43-5 35 03 300 ~157)
. 3 (7 duvs: 324 o1 376 — Bk - 16-1
1 (7 days;, - 305 0-3 25 = 51}

In no subject was there any evidence that any of the injected Mn wus excreted
_in the urine. So far as the vrine is concerned these resultn are essentisl'v in
sgreement, with those of most previous workers. It ir evident, however, that
Mn s not excreted freely. if at all, by the human bowel when it is injecied in
the amnounts used for these experiments. The partial exerenion shown by P. 3.
g have been the result of the larger doses he received. or of the smalier storuge
cupe ity which he possibly possessed. At any race the difference is thought
t¢ bave been genuinels oue of metabolic behaviour and not to have arisen {from
contaminations or analvtical inconsistencies. The Mn in the frode and faeces of
P. &, and in some of the specimens of A. M. was determined chemically byr the
rw"! ndete method of Willard & Greathouse [1917]. The resulis acreed satis-
sororilv with those obtuined spectrographicalir, and actuallv the firures given
“1or . S. in Table 4 were those obtained by the chenical methor.
Fnble 4 shows that the Mn intakes may varc comsiderably on naturs] foods.
, e of the easiest ways of raising them is te eat u lurge amount of brown bread.
. ror hrut s very rick in Mn. 100 g. of 827, flour were found to. contain 2-15 me.
: S and 109 g of 64 °, Hour onh 0-49 me. Table 3 shows the balances of 2
1ISONs When they were deuvmg 40-50°, of vheir calories from 69, flour and
Srom .3°, flour.

. fweees during the last 3 weeks of his experiment, but the balances were some-
" what meguhr amd nn('unvmcmg. The fnll results are to 'be found in Table 4
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, » ¢
& ’ Table 5. Manganese intakes and excretions on diets containing large
i ' amounts of white and brown flour |
Mn intake " Mn excretion, mg./week
. in food - A ~ Balance
Subjeet, Diet - mg. week  Urine Faeces Total mg./week
AM. White flour 15-5 07 ©137 144 +11 :
Brown flour 59-6 0-2 56-2 - 564 +3-2 =
E.W. White flour 18:8 04 192 7 196 ~08 .
Brown flour 61-8 0-6 . 60 8 P ‘614 +04 R

Taking the results in Tables 4 and 5 together, they show that the urmary
excretion of Mn, like that of Fe, is neghgxbly small, whatever the intake by mouth
or injection. The fact that injecting Mn in these doses did not necessarily provoke
any excretion of the metal by either kidney or gut recalls that the human animg] E
has been shown to react to injections of Fe in exactly the same way, [McCance &
Widdowson, 1938], and illustrates the biochemical and pharmacological affinitirs
of the two metals, some of wluch were pointed out long ago by Cahn [1884]

_ SUMMARY : .
Metabohsm expenments on men apd women, combmed with intravenous
g injections of Co, Ni, Sn and Mn salts, have shown that
a : (1) One man excreted about 209, of his food Co in the urine. In]ected Co

was excreted slowly, mainly by the kidney. .

(2) Two men excreted 60-70 %, of their food N1 in the unne Injected Ni- -
was excreted slowly, mainly by the kidney. :

(3) Two men excreted between 50 and 80 %, of their food Sn in the urine. .
Injected Sn was cxcreted very largely by the kidney. - .

‘ (4) Only a very small part of the Mn in the food was excreted in tho urine, '

and there was no increase after the intravenous injections of Mn salts. Two
persons retamed the whole of the mjected Mn a thu-d excreted about 50 % by

the bowel. -

The authors are grateful to Prof Nornsh for placmg a spectrograph at their
: disposal and to Dr W. C. Price for technical advice. The work could never have ]
" been undertaken without the help and co- -operation of the sub;ects and also of = -
Miss B. Alington and Dr E. M. Widdowson., ./ .. S
.. The greater part of the expenses ere covercd by a grant made by the ©
._4Medwal Research Councll - QR o P I
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NICKEL POISONING
I. Experimental Study of the Effects of Acute and Subacute Exposure to Nickel Carbonyl

JOHN F. KINCAID, Ph.D.

JAMES S. STRONG, Ph.D.
AND

F. WILLIAM SUNDERMAN, M.D., Ph.D
PHILADELPHIA ‘

ICKEL carhonyl, Ni(CO);, has been manufactured since shortly after its

discovery by Mond in 1890.! Despite its high degree of toxicity, compara-
tively little trouble has been encountered in manufacturing operations from exposure
to the vapor. Until recently there was little use for nickel carbonyl other than for
the separation of nickel from its ores. In this process, the nickel carbonyl formed
is handled entirely as a vapor in a closed system at atmospheric pressure. Thus,
it is not difficult to avoid accidental exposure. On the other hand, the recently
revealed utility of nickél carbonyl as a reagent for the synthesis of acrylic esters ?
requires the handling of the pure liquid and its solutions, and thus accidental
exposure is much harder to avoid. This suggested the need for an experimental
study to determine the L.D.s, for a number of experimental animals and to discover,
if possible, reliable methods of diagnosis and treatment,

GENERAL CONSIDERATIONS OF NICKEL CARBONYL

Properties of Nickel Carbonyl—The boiling point of nickel carbonyl is 43 C,,
and its vapor pressure at 25 C. is 380 mm. Hg. This high volatility makes it difficult
to avoid exposure by inhalation during handling. In fact, the hazard by inhalation
of the vapor is so great in comparison with that due to ingestion or skin absorption
of the liquid that only exposure by inhalation was studied in these experiments.
The material is unstable, decomposing at an appreciable rate at body temperaturc
in the presence of air and in the absence of a back pressure of carbon monoxide.
It is thus probable that the toxic effects of inhaling the vapor are due to its decom-
position products rather than to nickel carbonyl as such. The material resulting
from decomposition of nickel carl)onj'l after deposition in the lungs has not been
positively identified, hut it must be in part an oxidation product of nickel.?

From the Research Division of the Rohm and Haas Company and Jefferson Medical College,

Reguests for reprints should be directed to Dr. F. W, Sunderman, Jefferson Medical Col-
lege, Philadelphia 7.

1. Mond, 1..: Langer, C,, and Quincke, F.: Action of Carbon Monoxide on Nickel, J. Chem.
Soc., London, §7:749-733, 1890,

2, U. S Patent 2582911, dated Jan. 15, 1932, and granted to Harry T. Ncher, Edward H.
Specht, and Andrew Neuman, Rohm and Haas Company. Philadelphia.

3. Metlor, J. W.: Comprehensive Treatise on Inorganic and Theoretical Chemistry, Ton-
don, Longmans, Green & Co., 1929, Vol §, p. 933.

48

360



© b University of Maine, 1933

-

KINCAID ET AL—NICKEL POISONING 19

Litcrature Talues for lente To.i'ic'ilv\' of Ni(CO)y by Inhalation.—Armit *
stulied the effeets of exposure to nickel carb iyl on rabbits, cats, and dogs; Gar-
fand * studied then on mice, and quite recently Barnes and Denz® have reported
Jata on rats and rabbits incidental to their study. of dimercaprol (BAL) therapy.

The data contained in these studies are summarized in Table 1. Of these data,
only those of Barnes and Denz were obtained with well-controlled flow equipment,
and only their data for rats are sutliciently exteusive to permit the use of probhit
analyses for the estimation of L.D.g. In the other studies the “lethal dose” is not
a well-defined quantity, and the data must be regarded as only semiquantitative.
Nevertheless, there appeared to be a marked difference in the toxicity of nickel
carbonyl for different species.

General Symptoms Reported from Acute Exposure to Nickel Carbonyl—The

~svmptoms which follow exposure to nickel carbonyl appear to be of two types,

innnediate and delayed. Even with exposure sufficiently 'severe to cause death, the
initial symptoms are usually mild and not specific, disappearing quickly upon removal

Tane L—Literature Values for the Lethal Dose of Nickel Carbonyl by Inhalation for
’ Several Species of Experimental Animals

Lethal Dose, Time of
K. per Exposure,
Animal Liter of Air Minutes Source

0.1 10 Garland 5
0.4 30 Barnes and Denz ¢

0.3-1.2 % Barnes and Denz ¢
1.25 05 Armit ¢

- 273 90 Armit ¢
2.3 . % Armit ¢

The data of Barnes and Denz are given in thelr publication ¢ as the proéuet of concentration and time,
#:th eaposure times of 10, 20, and 30 minutes, Their data for rats were converted to the equivalent concen-

fration for d0-miunte exposures and plotted on logarithmic probit paper to obtain the value given in the
Talle for 05 mortality.

of the subject to uncontaminated air. The symptoms usually observed or reported

@oman include  frontal heacdache, giddiness, nausea, vomiting, and sternal or
“jigastric pain. In addition, subjects may suffer from mild shock.

The delayed symptoms are usually severer and appear 24 hours or more

atter the initial symptoms. According to the Medical Department of the Mond

Nickel Company,” patients suffer from headache, nausea, sleeplessness, and a pain

~F sense of constriction over the sternum and epigastrium. The pain appears to
b agwravated by deep breathing, coughing. or excretion. Cold, clammy skin and

vanotic mucous membranes may be observed. Body temperature seldom rises above

51 I D

———

1 () Armit, H. W.: The Toxicology of Nickel Carbonyl, J. Hyg. 7:525-551, 1907. (b)

Hie Toxicology of Nickel Carbouyl, ibid. 8:565-600, 1908.

z

- tarland, G.: The Comparative Toxic Effects of Nickel Carbonyl and Carbon Monoxide,

. Larnes, J. M., and Denz, F. A.: The Effect of 2-3-Dimcreapto-Propanol (BAL) on

~rierimental Nickel Carbony! Poisoning, Brit. J. Indust. Med. 8:117-126, 1951,

7. Frazer, O. B. J., International Nickel Company, New York: Personal communication
Y authors,
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» A survey of the medical literature would indicate that nine fatalities have heen
. T reported following exposure to nickel carbonyl.® It is possible that there may be
duplication in certain of the earlier reports. A description by Armit # of four fatal
cases, which corresponds well with those reported later, is uoted.

The symptoms of nickel carbonyl poisoning in man were as follows immediately after hav-
ing been exposed to air containing plant gas, there was giddiness and at times dyspnea and
vomiting. These symptoms passed off rapidly, as soon as the patients were brought into fresh
air. After from 12 to 36 hours, the dyspnoea returncd, cyanosis appeared and the temperature
began to be raised. Cough with more or less blood-stained sputum occurred on the second day
or later. The pulse rate became increased, but not in proportion to the respiratory rate. The
¢ heart remained normal. Delirium of varying types frequently occurred, and a variety of other
signs of disturbance of the central nervous system was noted. Death took place in the fatal
’ cases between the 4th and 11th days. The chief changes found at post mortem were hemor-
rhages in the lungs, oedema of the lungs, hemorrhages in the white matter of the brain (in
one case this was very extensive), while some doubt exists as to whether any blood changes
were present. '

e |
N

According to Brandes,* who reported a fatal case, the characteristic pathologic
changes of nickel carbonyl poisoning ohserved in this case were as follows: (1)
hemorrhages into the lung tissue and the white matter of the brain; (2) fatty
degeneration of the walls of blood vessels, and (3) edema of the lungs.

In addition to hemorrhages in the lung tissue and brain, hemorrhages have also
been found in the adrenals of exposed animals with a greater than 50% frequency.®

Excretion of Nickel Carbonyl in Humans—~According to Drinker and
co-workers,® nickel is almost never detected in normal urine. The sensitivity of
their method is estimated to be less than 0.1 mg. per liter of urine. When normal
subjects ingested food cooked in nickel utensils, the highest concentration that was
excreted in the urine of their subjects amounted to approximately 4 mg. per liter.
Most of the nickel was found to be excreted in the feces. In the stools of subjects
eating food cooked in nickel utensils, as much as 30 mg. may be excreted per day,
compared with 0.8 mg. per day for normal subjects.

On the other hand, the metabolic studies of Kent and McCance ° are somewhat
at variance with the findings of Drinker and his associates. Kent and McCance
found that in the two normal subjects that they studied more nickel was found in
the urine than in the feces. The average amounts of nickel excreted in the urine
of their subjects were 0.24 and 0.32 mg. per day, respectively; in the feces these
amounts were 0.10 and 0.12 mg. per day, respectively, With the assumption of an
urinary excretion of 1,500 ml. per day, these values indicate that the concentration

o s R St

8. (a) Brandes, W. W.: Nickel Carbonyl Poisoning: Report of Case, J. AL M. A, 102

: 1204-1206, 1934. (b) Hamilton, A., and Johnstone, R. T.: Industrial Toxicology, edited by H. A.
Chiristian, New York, Oxford University Press, 1946, pp. 597-663. (¢) Mott, F. W.: Carlun

: Monoxide and Nickel Carbonyl Poisoning: The Systematic Examination of the Cerebral Ner-
vous Systemy in a Case of Poisaning by Hluminating Gas and Two Fatal Cases of Poisoning
Occurring in the Carbonyl of Nickel Works, Arch. Neurol,, London 3:246-289, 1907. (d) Walcs
and Western Counties Notes, Lancet 1:208-209, 1903, (¢) Dayer, O.: Deitrag zur Toxikologic,
Klinik und pathologischen Anatomie der Nickelkarbonylvergiftung, Arch. Gewerbepath, u
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Gewerbehyg., 9:392-606, 1939,
9. Drinker, K. R.; Fairhall, L. T., and Drinker, C. K.: Hygienic Significance of Nickel.
o J. Indust. Hyp, & Toxicol. 6:307-336, 1924, :
- ‘ ; : 10. Kent, N. L., and McCance, R. A.: Absorption and Excretion of “Minor” Flements by
@ ;;; Man: Cobalt, Nickel, Tin and Manganese, Biochem. J. 35:877-8%3, 1941.
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of pickel is probably less than 0.25 my. per liter. The values for the concentration

ofnickel i urine reported by Keant and MeCanee are higher than those found by
Dirinker and his associates and by ourselves,

CEXPERIMENTAL METHODS

In order to obtain additional data on the toxicity of nickel carbonyl, the effects
uf exposure were determined on experimental animals., For these studies, albino
" mice, Wistar strain albino rats, and domestic cats were used,

g The method of producing known concentrations of nickel carbonyl in air is illustrated in
Figure 1. X solution of nickel carbonyl in absolute alcohol of known concentration (usually

within the range 1 to 10%) was introduced into the syringe. The plunger of the syringe was
driven forward by the mechanism illustrated to introduce the solution into the air stream at

Metered Air Streom —.

Revolving Wood Syringe Cont'g
1 Disk With Noils Ni{CO)Solh

r j i

———
e i

Scrow Threaded Block

wet ' String
Teot )< [ _
Meter ™~ Revolving To Exposure A
' Glass Liandrel Chamboer
Supporting
Ring Stand

Surge Bottle To Insure
Steady Alr Flow(Focked With Gotton)

——

Ar From Pressoves Purp

Fig. 1.—Apparatus for preparation of nickel carbonyl-air mixtures.

« predetermined rate. Evaporation was immediate at the low rates of introduction employed.
Mandrels of various diameters were used to vary the rate of advance of the screw. This varia-
tien combined with the proper choice of concentration of the solution, of the air flow rate, and
i the syringe capacity made jt possible to obtain concentrations in air ranging from 0.015 to
<% mg, of nickel carbonyl per liter of air (2 t0.350 ppm by volume). No reduction in meter
rite was detected with increasing load. The drive mechanism employed coupled the air stream
11 the rate of feed by the syringe so that the concentration in the air was unchanged by fluctu-
<Hon in air supply. The Pressovac pump employed was capable of delivering 1,900 liters of air
.ot hour, and this could be reduced by throttling the intake. :

Two exposuré chambers were used in our studies. One was an ordinary 25 cm. desiccator,
“oupped with an iolet reaching to the bottom and with an outlet at the top, The experimental
<imals were placed on the perforated plate. All mouse exposures and most of the rat ex-
sures were carried out with this chamber. Rates of flow varied from approximately 600 to
L2 Titers per hour. Since the volume of the chamber was 8 liters, turnaver times varied from
2110 15 scconds. Experiments independently carried out showed that nickel carbonyl in air
" room temperature decemposed by not more than 5% in 50 seconds. A larger chamber was
“orded for cat exposures, and a glass box, 45 by 60 by 45 cm., was used initially. The turnover
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time in this chamber was approximately four minutes, It was first thought that this time was
short enough to ensure stability of the nickel carbonyl, but tests later showed that as much as
30% of the material was decomposed on passage through the chamber. Previous exposures in
the large chamber were corrected for decomposition, and the volume of the chamber was re-
duced to eliminate the need for such a correction in future exposures.

Acute and Subacute Toxicity—In this paper acute toxicity refers to the effects
resulting from a single exposure of 30 minutes to nickel carbonyl, whereas subacute
toxicity refers to repeated exposures of 30 minutes each at periods a few days apart
over several weeks. It might be noted that one cat received six exposures at
intervals during the course of four months.

Measurements of L.D.;p were made for mice and rats, utilizing the probit
method of Miller and Tainter.!* An insufficient number of cats was exposed to
establish a good dosage-probit curve. However, the L.D.so was determined with
fair precision by simple inspection of the data. After exposure, the experimental
_ animals were returned to their conventional type cages, and only food and water
were made available while awaiting the results of the experiment. In the animals
that succumbed, death usually occurred two to three days after exposure.

TaeLe 2.—Estimation of L.D.s for Mice Exposed to Nickel Carbonyl for Thiriy Minuics
Animals
~ —A Yy

Dose, Mg. per Liter Exposed Dead Probit
12 1] (2.99)
15 2 3.89
10 8 4.48
20 10 4.60
20 10 5.00
22 12 3.11
10 10 (6.96)

In certain of the studies of both acute and subacute toxicity on rats and cats.
determinations were made of the concentrations of hemoglobin and its derivatives.
erythrocyte and leucocyte counts, clotting time, prothrombin time, and hematocrit
measurements. Prothrombin time was estimated by Quick’s method.** Spectro-
photometric curves were obtained on hemoglobin derivatives by means of a model
DU Beckman instrument.

ki

RESULTS
L.D.5y for Mice, Rats, and Cats.—I.D.so for Mice: The data for mice are
summarized in Table 2. ' :
Intersection of the curve with Probit 5 indicates that the L.D.; is 0.067 mg. per
liter (S.E. 220.003 mg. per liter) for mice exposed for a period of 30 minutes. Our
value of 0.067 mg. per liter for 30 minutes of exposure is in reasonable accord with
Garland’s * semiquantitative value of 0.1 mg. per liter for a 10-minute exposure.

L.D. for Rats: The data for rats presented in Table 3 show that the L. ix
0.24 mg. per liter for a 30-minute exposure. This value ¢ be compared with

11. Miller, L. C,, and Tainter, M. L.: Estimaticn of the 1D and Its Frror by Means i
Lo Logarithmic-Probit Graph Paper, Proc. Soco Exper. Biol, & Med. §7:201-264, 104,
S 12. Quick, A. J.: Nature of Bleeding in Jaundice, J. AL M. AL 110:1038-1002, 1938,
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m the value of 0.4 mg. per liter which we obtained by a similar analysis of the data
Af Barnes and Denz (Table 1), -

In our experiments with mice and rats, the exposed animials were returned to
- v cages dnmeditely after exposure and were allowed to stay there undis-
turbed until death or complete recovery oceurred.  Later experinients were carried
out to obtain urine from exposed animals for analysis. One group of six rats were

ovposed to nickel carbonyl and urine collections were made twice daily thereafter, »
using Sunderman’s technique.  All of these animals died—one on the first night,
‘ ‘ four on the second night, and the sixth on the fourth night. Since the death of only
i about two of the six rats would have normally been expected, it is believed that the
' manipulations following exposure were responsible for the increased mortality.
These observations were therefore not utilized in the determination of the L.D.;,

tor rats,

Tanek 3—Estimation of L.Dse for Rats Exposed to Nickel Carbonyl Vapor for Thirty Minutes
Animals
. r A —
& Dose, Mg. per Liter Exposed Dead Probit

6 ° 3.27)
18 9 5.00
21 17 5.88
18 15 5.97
b L] 12 (6.75)

TasLe 4—FExposure of Cats to Nickel Carboryl Vapor for Thirty Minutes

Animals " Time of
- A ——~ ' _Death After
Dose, Mg. per Liter Exposed Dead Exposure, Hr.

216
86, 56, 142
96, 30, 72
40

-G WS
WO NSO

I.D.s for Cats: The technique used for exposing cats was similar to that
’ “tescribed previously for mice and rats, excepting that the larger exposure chamber
was used. Time and facilities did not permit the use of enough cats to obtain the
“'tu for a complete dosage-probit curve, but it is believed that the data given in
iuble 4 permit the choice of an L.D.5o, with sufficient precision.
Inspection of the data summarized in Table 4 shows that only one animal died
10T Teceiving an exposure of less than 2.00 mg. per liter for 30 minutes. Since
“tee aninals out of three died after an exposure to 2.00 mng. per liter for 30 minutes
<«Lall three cats receiving 2.11 mg. per liter died, it is concluded that the L.D.;, for
- st be less than 2.00 mg. per liter. Towever, hoth cats exposed to 1.94 mg. per
Ctey survived; hence the L.D.5 cannot be much helow this figure. A value of 1.9

2o per liter for a 30-minute exposure is a reasonable choice.
—

I% Sumderman, F. W.: Method of Collecting Albino Rat Urine, Am. J. Clin. Path., Tech.
" 9:11-12, 1945,
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Subacute Toricity.—It is desirable to ascertain whether nickel carbonyl is
cumulative under conditions of repeated exposure over periods of a few wecks. The
only study of the subacute toxicity of nickel carbonyl published in the literature
is that by Garland.® In a preliminary study she found that nickel carbonyl is not
cunlative and, indeed, that small initial doses build up a tolerance so that doses
can be tolerated which would he expected to be lethal if given initially. ;

1

Experiments carried out with mice confirmed Garland's fndings. A group of
five mice was subjected to 10 exposures lasting 30 minutes and covering a period

TasLe S.—Multiple Exposures of Mice to Nickel Carbonyl*

-

Time
* Between Total
[y Dose, Mg. Exposure, Time,
Exposure per Liter Days Days
Lt ietnstrretatticrteenaronens 0.016 e .
0.022 7 7
0.028 5 12
: 0.038 2 Y]
5 0.033 2 16
0.071 3 19
0.0063 4 23
0.118 4 27
017 3 3o
g 0.19 18 48

* All exposures were for 30 minutes. Five mice were used, and ull survived until ufter the 10th exposure
when two died. .

TasLe 6—Multiple Exposures of Rats to Nickel Carbonyl*

B . Time
% . Between Total
3 . Dose, Mg. Exposure, Time,
Exposure - per Liter Days Days
0.083 . .
0.14 2 2
0.20 4 6
0.20 3 9
0.40 3 312
0.40 3 15
0.44 4 19
0.31 7 26
0.52 14 40
0.54 8 48

¢ All exposures were for 30 minutes. One rat out of the gronp of six died following the 9th exposure;
all others survived.

of 48 days. The initial exposure was 0.016 mg. per liter, increasing to 0.19 mg. for
the last exposure (Table 5). No deaths occurred until after the 10th exposure,
although the 6th and 7th exposures were equal to the L.D., for mice without
previous exposure and the 10th exposure was almost three times this value. The
total accumulated exposure was equivalent to 0.76 g, per liter for 30 minutes.
approximately 12 times the L.D.;, for mice without previous exposure.

Additional experiments on subacute toxicity (Table 6) carried out with rats led

to results similar to those obtained for mice,
i Experiments were also carried out with a single cat (Table 7). The cat hecane
noticeably ill aiter the first expasure, hut no symptoms could he observed after the

cim e s
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ather exposures, in spite of the fact that the sixth was equal to the 1.0, for cats
without previous exposure, Severe illness, with an even chance for death, would he
expected if this dose were administered to a cat having no previous history of

esposure,

These results confirm and extend Garland’s preliminary findings that exposure
1o nickel carbonyl produces a tolerance to it. It is noteworthy that the deaths of
mice and rats occurred when the time between exposures was two weeks or more
tTables 5 and 6). It is, therefore, inferred that the increased tolerance resulting
from repeated exposures to Ni (CO), is of relatively short duiration.

Studies on the Blood of Animals Exposed to Nickel Carbanyl.——Carboxyhemo—
globin: It has long been known * that the toxic action of nickel carbonyl is not
due primarily to its carbon monoxide content but rather to nickel carbonyl itself
or to residuces resulting from its decomposition, Nevertheless, it was deemed desir-
able to obtain CO hemoglobin determinations on experimental animals subjected
to exposures equal to or exceeding their L.D.so. The method of Scholander and
Roughton * was employed for estimating the CO concentration in the blood. The
blood samples were collected under ojl by cardiac puncture. Control experiments

TasLE 7.—3ultiple Exposures of a Cat to Nickel Carbonyl*

Total Time
Dose, Mg. After First
Exposure per Liter Exposure, Days
0.50 .
0.64 .74
1.60 .1
1.68 . [
124 m
1.95 125

* All exposures were for 30 minutes.

carried out with unexposed animals gave blanks averaging about 1% and never
exceeding 2.5% saturation. Rats were used for all experiments,

In one experiment, 5% saturation was found in a sample obtained only about
30 seconds after a 10-minute €xposure to a concentration of 3 mg. of nickel carbonyl
per liter, or about 4 times the L.D.5y for acute exposure. The two control animals
died within two days. In other experiments no CO hemoglobin was found 30
minutes or more after a 30-minute €xposure to a concentration of 1.1 mg, per liter,
These findings support the helief that carboxyhemoglobin plays a minor role in the
production of the symptoms resulting from nickel carbonyl exposure. F urthermore,
the concentrations of carboxyhenioglobin observed are much less than those which
would be expected if the carbon monoxide in the nickel carbonyl behaved like
uncombined carbon monoxide.*

4. Scholander, P. F., and Roughton, F. J. W.: Simple Micro-Gasometric Method of Esti-
mating Carbon Monoxide in Blood, J. Indust. Hyg. & Toxicol. 24:218-221, 1942.

15. In both cases, 15 to 20% saturation should have been observed according to data ob-
tained with human subjects (Industrial Hygiene and Toxicology, edited by F. A. Patty, New
York, Interscience Publishers, Inc., 1949, Chap. 19) if the carbon monoxide had behaved as
though it were uncombined. In practice, the absorption rate for rats is probably much greater

(Footnote continucd on fext pege)
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Coagulation: FEarly in the work with nickel carhonyl it was observed that it
was much more difficult to withdraw blood from animals suffering from exposure
than from controls, and it was suspected that this might be due to a decrease in the
clotting time.*” A group of six rats exposed to 0.27 mg. per liter for 30 minutes
was found to have clotting times entirely within the normal range of values when
examined two to four hours after exposure and at daily intervals thereaiter for a
period of four days. It is concluded that clotting time is not affected by exposure.

Prothrombin: Since the prothrombin time is intimately connected with the
clotting mechanism, prothrombin times were measured in rats exposed to nickel
carbonyl. Preliminary experiments with .rats scrved to establish the technique.
Final experiments were conducted with cats. Three cats subjected to a concentra-
tion of 1.24 mg. per liter for 30 minutes showed no change in prothrombin tine,
as compared either with three controls or with their own prothrombin times prior
to exposure.

Platelets: It has been shown ® that the blood platelet count increases sharply
after exposure to toxic fumes (such as nitric oxide or phosgene) which pro-
duce pulmonary edema. Since nickel carhonyl produces pulmonary edema in
experimental animals, a study was made of the blood platelets before and after
exposure. No significant change in the number of blood platelets was observed
following exposure.

Blood Counts: Erythrocyte and leucocyte counts and estimations of hema-
tocrit percentage and hemoglobin concentrations were obtained in experimental
animals before and after ‘exposure. Experiments with rats showed that there were
substantial increases in hemoglobin amounting to about 50% above normal at the
levels of exposure to nickel carbonyl studied (one-third to three times the L.D.;,
for rats). The erythrocyte counts were closely correlated with the hemoglobin
measurements. There did not appear to be a definite correlation of the level of
exposure with the increase of the hemoglobin concentration, A slight leucocytosis
was observed on the second and third days following exposure.

Abnormal Hemoglobin Pigments: Blood samples taken from cats exposed to
nickel carbonyl were examined for the presence of sulfhemoglobin and miethemo-
globin. None of these pigments or any other hemoglobin derivatives were found
on spectroscopic analysis of the blood of exposed rats obtained one hour to one
week following exposure.

than for humans. Qur own experiments show that the elimination rate of CO hemoglobin by
rats is approximately 10 times greater than that for humans. This difference is presumed to
be due to the greater ventilation rate for rats, which would also lead us to expect increased
absorption rates. The fact that CO hemoglobin in rats drops to approximately one-fourth its
initial value after 30 minutes in fresh air may account for the low value obtained 30 minutes after
exposure but not for the value of 35 saturation obtained immediately after a 10-minute exposure
to 3 my. of nickel carhonyl per liter.

16. Footnote deleted. ‘

17. Patck, A, ], Jr. and Stetson, R, P.: Hemophitia: Abnormad. Coagulation of Bloud and
Its Relation to Blood Platelets, J. Clin, Invest. 15:531-342, 1930, :

18, Fleming, A. L: Method for Handling Cases Gassed with Nitrous Fumes, Including
Diagnostic and Prownostic Value of Dlood Platelet Counts i Assessing Pulmonaey Irritatjon,
Indust. Med. 12:127-132, 1943. '
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A survey of the hematologic studies indicated that, with the exception of a
mederate hamoconcentration and a slight leueoceytosis, there were no other signifi-
cant changes following exposure. o .

Nickel clralyses—FEarly in the program attemipts were made to correlate the
cmeentration of nickel in the urine and the nickel carbonyl exposure, with the
ehjective of establishing a method of diagnosis. Unfortunately, the development
of the required analytical method proved to be difficult, owing to the small size of
the samples available from the rats being used as experimental animals. Attention
was then turned toward the study of the nickel content of urine of a group of
persons, using the colorimetric method of analysis described by Alexander, Godar,
and Linde.”” The normal range of values of nickel in urine was found to be from
0.00 to 0.10 mg. per liter. In one case a person accidentally exposed to the vapor
of nickel carbonyl yielded 19 mg. of nickel per liter of urine on the day following
exposure.  During this period, however, this person had received approximately
10 mg. of dimercaprol per kilogram of body weight.

Effect of Dimercaprol on cnimals Exposed to Ni(CO ), —DBritish antilewisite,
2.3-dimercaptopropanol, (usually called dimercaprol or BAL), developed during

TaBLE 8~Use of Dimercaprol in Treatment of Nickel Carbonyl Toxicity*

Control Animals Treated Animals
- A A
Dose, Mg. per Liter r Exposed Dead had Exposed Dead M
18 9 18 0
9 7 9 3
9 9 9 8

* All exposures were for 30 minutes. Treatment by intramusecular injection was as follows: day of
esposure, 10 mg. of dimercaprol per kilogrum of body weight in two dozes (0.4 ml. of 0.405 solution of
dimercaprol in corn oih); first day after exposure, 8 mg. of dimercaprol per kilogram in two doses; second
oy nfter exposure, 3.5 g, of dimereaprol in two doses of 2.5 snd 1.3 mg., and third day after exposure,
one duse of 1.8 mg. per kilogram of body weight.

World War I1 for the treatment of poisoning from nitrogen mustard, is known to
combine with certain heavy metals to form stable, nontoxic complexes.?® Studies
undertaken by Braun and associates **® showed it to be effective against toxic doses
oi nickel salts administered by injection. A\ study was therefore made of the effect
of dimercaprol administered to exposed animals,

Rats were used for this study. Three groups receiving different exposures to
Ni(CO) were each divided into two subgroups, one receiving dimercaprol and the
other serving for control purposes. The results, summarized in Table 8, show that
dimercaprol increased the L.D.50 of rats by a factor of approximately 2.

The dosage of dimercaprol given to rats reported in Table 8 is within the range
recommended for administration to humans by Eagle and co-workers.”* Experi-

19. Alexander, O. R.; Godar, E. M, and Linde, N. J.: Spectrophotometric Determination
ui Traces of Nickel, Indust. & Engin. Chem., Anal. Ed. 18:206-208, 1946. -

20. () “BAL” (British Anti-Lewisite) in the Treatment of Arsenic and Mercury Poison-
e, Report of the Council on Pharmacy and Chemistry, J. A. M. A. 131:824, 1946. (b) Braun,
H. A.; Lusky, L. M, and Calvery, H. O.: Efficacy of 2,3-Dimercaptopropanol (BAL) in
Therapy of Poisoning by Compounds of Antimony, Bismuth, Chromium, Mercury and Nickel,
). Pharmacol. & Exper. Therap. (Supp.) 87:119-125, 1946.

21. Council on Pharmacy and Chemistry.% Eagle, H., and Magnuson, H. J.: Systemic
Treatment of 227 Cases of Arsenic Poisoning (Encephalitis, Dermatitis, Blood Dyscrasias, Jaun-
e, Fever) with 2,3-Dimercaptopropanol (BAL), Am. J. Syph. 80:420-141, 1946.
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ments were also’ gnrried out with both largzer and smaller doses of dimercaprol.
Doses three times those for which results are given in Table 8 suggested that, while
the L..D.5o was slightly increased, the treated animals that died did not live as long
as did the controls. Since dosages one-half of those described in Table 8 appeared
to be ineffective, the dosages shown in the Table appear to be about optimum.

These findings are to be compared to those of Barnes and Denz,” which appeared
after our own work with dimercaprol was completed. These investigators studicd
the use of dimercaprol for rats exposed to nickel carbonyl and concluded that
prophylactic administration has some protective value but that therapeutic adminis-
tration actually increases mortality. It should be noted that their dimercaprol dosage
was 60 to 80 mg. per kilogram of body .weight given in one or more doses covering
a period of not more than four hours following exposure. This dosage is large in
comparison with the dosages found by Eagle and Magnuson *! to produce toxic
symptoms. Eagle and Magnuson concluded that doses of 2.5 mg. per kilogram
could be employed every four hours with impunity and that doses of 4 mg. are
feasible, although they may give rise to some symptoms. However, two-thirds of
all subjects shuwed reaction with doses of 5 mg. per kilogram. We conclude that
the diametrically opposed findings of Barnes and Denz and ourselves with respect
to the therapeutic value of dimercaprol are due to the differing dosage levels
employed. This point of view receives further support from a comparison of the
Barnes and Denz data for rats and rabbits. Rabbits were treated with doses of
30 mg. per kilogram .given consecutively at 5, 20, 26, 44, and 50 hours after
exposure. In contrast to the results noted with rats, the mortality of treated rabbits
was less than that of the controls (although the difference was not statistically sig-
nificant). Our own findings, however, indicate the probability that even the dimer-
caprol dosages which Barnes and Denz employed for rabbits are larger than
optimum.

Pathologic Changes Observed in Exposed Aiimals—The most striking gross
changes observed at necropsy in experimental animals exposed to nickel carbonyl
vapors were those in the lungs. The lungs of the animals that died immediately
after exposure showed a severe degree of congestion and pulmonary edema, whereas
the lungs of animals. that survived for one or more days after exposure usually
showed an extensive pneumonitis.

Histologic examinations were made on the organs of rats which had been
exposed to concentrations of nickel carbonyl from 0.08 to 2.3 mg. per liter and
which were either killed or died from effects of the exposure. The concentrations
of the nickel carbonyl vapor and the time following exposure at which death
occurred are given in Table 9.

The changes observed in the organs of all these rats were similar; however, the
organs from Rat B, which had been exposed to a concentration of 2.3 mg. per liter
for 30 minutes and which died 12 hours later, showed the changes to a most con-
spicuous degree. The fndings from this animal will be deseribed briefly, sinee
they are fairly typical of those observed in the other animals.

Lung sections of Rat B showed interstitial pneumonitis, with areas of atelectasis
and a few areas of carly necrosis, Peribronehial consolidation was present around

360



KINCAID ET 1L—NICKEL POISONING 59

the larger bronchi. Large amounts of a brownish-black pigment were present
throughout the capillaries of the alveolar walls. The pigment was of an amorphous
character and was Jocated principally within pliagocytic cells, although sharply
Jolineated globules were also found.,

Striking changes were also observed in the liver of exposed animals. Degenera-
tive changes occurred in all of the hepatic cells, the cells about the central vein

TasLe 9.—Rats Exposed to Ni(CO)s IV hose Organs IWere Studied Histologically

Concentra-
tion, Mg, Exposure Tinte of
Animal per Liter  Time, Min. Death, Hr, Remarks
1371 3 VO .08 30 144 Killed
23 20 12 Died from effects of exposure
23 41 41 min. Died in chamber during exposure
0.35 k) 15 min. Killed 15 minutes after exposure
KEY X mouse
A RAT
B car
B 100 i N
5 et |
g F = 600Y MASS
a - . o OF MAN
E st
: 100, —
a
- - 1
L //A/
(11}
=X
o0 1Aiatl sl rl ! 1111 i1
a0l [T) 100 100 700

AVERAGE BODY MASS W KG.

Fig. 2—Relationship between the L.D.s and the size of three experimental animals.

~howing almost complete necrosis ; toward the periphery of the lobules, the degen-
erative changes were less marked. Extensive deposits of the brownish-black pig-
ment observed in the lungs were also found throughout the liver.

Sections of the spleen showed the presence of large amounts of pigment, areas
of focal necrosis, and degeneration of the reticulum. Large numbers of megakaryo-
vytes were observed. .

Degeneration of the tubular epitheium and, to a less extent, of the glomer-
ular tufts occurred in the kidneys. The cells in the vessels lacked their normally
vlear definition and were agglutinated into amorphous masses. Scattered through-
-t these masses were nucleated red cells and pigment,

Iu the pancreas both the acinar cells and islets of Langerhans revealed degenera-
tive changes. In the islet cells there was infiltration, with inflammatory cells that
“ete predominantly eosinophiles,

Sections of the heart muscle were essentially normal.
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COMMENT ON DATA FOR MICE, RATS, AND CATS

The large differences in sensitivity to nickel carbonyl of mice, rats, and cats
were totally unexpected. Since the L.D.; increases sharply with the increasing
size of the experimental animal, it might be concluded that man. being much larger
than any of the species used, would he comparatively insensitive to the material.
In view of its importance, an effort was made to find an cquation relating the
I..D.;o for nickel carbonyl to the size or to some other characteristic of the experi-
mental animal. Figure 2 shows a plot on a log-log scale of the L.D.;, versus the
average size of the experimental animal involved. The data lead to the relationship

L.D.5o = 0.009 (body mass)™

where the L.D.; is the concentration in milligrams of nickel carbonyl per liter of
air for a 30-minute exposure and the body mass is expressed in grams. While the
equation accurately fits the limited data available, many more points would be
required to assess the generality of the relationship and to fix accurately the
coefficient and exponent. A similar equation with an exponent of 0.6 is found to
represent the variation of oxygen requirement (per unit of mass) for warm-blooded
animals versus the mass of the animal. It is thus known that air is inhaled at a
faster rate (per unit of mass) by small animals than by larger animals. and this
will necessarily lead to a higher toxicity {for inhalation poisons for small animals
than for larger ones. ’

It is of interest to note that an extrapolation of Figure 2 leads to an 1..D.;0 of
15 mg. per liter for man, assuming a mass of 70 kilograms. This extremely high
value for the acute toxicity of nickel carbonyl for man obviously cannot be accepted
without confirmation. The result does, however, differ so greatly from the [..D.
of nickel carbonyl for mice and rats as to emphasize the necessity of further studies
before reliable extrapolation for man can be made from experimental data on inhala-
tion poisons obtained with small experimental animals.

SUMMARY

In anticipation of the increased industrial use of nickel carbonyl, an investigation
of its hazards was undertaken.

The L.D.;q for acute exposure was determined for mice, rats, and cats. The
values for each of these species after 30-minute exposures are 0.067, 0.24, and 1.9
mg. per liter, respectively. These findings suggest that the values for L.D.; are

directly proportional to the 25 power of the body masses of the three species studied. .

Studies of subacute toxicity indicated that the material is not cumulative over
a period of a few weeks and that tolerance develops after exposures to sublethal
concentrations.

Therapeutic administration of dimercaprol (BAL) to rats exposed to nickel
carbonyl increases their tolerance to nickel carbonyl by a factor of 2.

In humans exposed to nickel carbonyl the amount of nickel excreted in urine
is above normal.

Dr. J. F. Woodman, Dr. E. 1. Stanley, Mr. Kenuneth West, and Dr. Neil Williams assisted
with this study. .
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{ Effect of Calcium Digsodium Ethylenediamine Tetra-
W " Acetate (CaN32 EDTA) on Experimental Metal
Poisoning '

IV, Effect of CaNa2 EDTA oﬁ'Experimental NiSO, Poisoning

E} Z. Kocher, V. Eybl, J. Sykora and V. Majer (with the technical

' ' assistance of M. Kosanova and M. Lucakova). (From the
- Pharmacological Institute of the Medical Faculty of the Karl A .
F} University in Pilsen (Director: Prof. Z. Kocher) and the Section

of Occupational Diseases of the State Faculty Hospital in Pilsen
(Director: Fr. Chudacek), Czechoslovakia).

Source: Arch, intern. pharmacodyn. 120: 80-4, 1959,

In our tests with CaNa2 EDTA, we have decided to also study the effect
- of CaNa, EDTA on experimental NiSO4 poisoning. Nickel forms with EDTA
in vitro a very stable complex, with a log Kyy of 18.62, which is included
in the series of so-called strong (robust) complexes. As compared to normal

complexes, these complexes have a different electron structure, they are

sufficiently stable, but they are formed slowly and also dissociate slowly
*?* (1). We have studied the toxicity of NiNa, EDTA, i.e., the toxicity of the
: complex which we assume is formed in the organism during treatment (therapy)
ri of nickel poisoning with CaNa2 EDTA, and we have also studied the toxicity

of NiSO,. We also studied the protective effect of CaNa2 EDTA in the

experimentai acute poisoning of white mice with NiSO,, as well as the
excretion (elimination) of Ni in rats after administration of NiSO4 and
CaNa2 EDTA. In our tests, we were mainly concerned in finding out whether the

chemical properties of the strong complex could prevent the successful use

of CaNa, EDTA in nickel poisoning.

2
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Method
For our tests, CaNa2 EDTA and NiNas EDTA were prepared from Compiexon III
(Chelaton III, made by the Lachema firm). This NiNa, EDTA complex was isolated

in solid form and its Ni content was determined, which was equal to 9.8%.

Tests on the excretion of nickel were carried out in metabolic cages,

similarly to our previous tests (2, 3). Samples of urine and feces, after

dry mineralization in porcelain crucibles, were dissolved in HCl under
addition of a 1:1,KN03 = Na,CO3 mixture and.evaporated again. - Nickel was

determined colorimetrically with dimethylglyoxime (4).

|
{

o o - - Results

A. In our test on white mice, we determined the toxicity of
NiNa, EDTA. The compound was administered intraperitoneally
(i.pY) in a 10% solution; the LDgy was 1243.6 mg/kg (i.e.
equal to 118.2 mg Ni). The animals were observed for a
period of 10 days. Further, we determined the LD.. of NiSO
by i.p. administration of a 10% solution; this vaige was equal
to 37.56 mg/kg (i.e. 7.85 mg Ni).

[

B. The protective effect of CaNa, EDTA during experimental NiSO
poisoning was also observed on white mice. NiSO, was applieé
in a dose of 100 mg/kg as a 1 °/00 solution and further
in a dose of 125 and 150 mg/kg as a 5 ©/00 solution. CaNa,
EDTA was administered simultaneously i.p. as a 10% solution
in doses of 500, 1000, and 1500 mg/kg. The results are
illustrated in Fig. 1. 1In all cases of our test, the
protective effect of CaNa2 EDTA proved to be extremely
significant (P < 0.01).

FIGURE 1
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C. Tests on the excretion of NiSO, were carried out on rats,

which were given sublethal

doses of NiSO,; namely, once 1

and 2 mg/kg subcutaneously in a 1% solution alone,
and another time combined with a simultaneous 1i.p.
administration of 10 and 30 mg CaNap EDTA/100 g in a 10%

solution, We also applied

NiNaz EDTA in a dose which, as

far as the nickel content is conqerned, corresponds

to a dose.of 1 and 2 mg NiS0,/100 g. The excretion °
of nickel in the urine is shown in Fig. 2.

FIGURE 2
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In the first case, since 1 mg NiSO4/lOO g was applied, there was no

significant difference in the excretion of nickel with the individual

combinations (P > 0.05). We can see that the major portion of the nickel

is excreted during the first 24 hours. Not even in the second case, since

2 mg NiSO4/100 g was administered, did CaNa2 EDTA exert a significant effect

on the excretion of nickel in the urine (P > 0.,05).

After administration

of the corresponding dose of NiNa, EDTA we have even noted, in this second

case, a significant reduction in the excretion of nickel in the urine

(P < 0.01).
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In the feces,.the values of excreted nickel ranged in units of
microgram/100 g. After administration of CaNa, EDTA, no significant
changes were noted in the excretion of nickel with feces.

D. In the urine of féts which were given NiSO4 S.C. and CaNa

EDTA i.p., we were able to determine qualitatively the
presence of NiNaj EDTA and an excess of CaNa, EDTA.

Free nickel was found only in controls, wﬁich were given NiSO4 alone.
Free nickel was identified in urine with dimethylglyoxime as a red precipitate.
CaNa, EDTA was detected by'the formation of the ruby-red CO5 complexonate
(by reaction with CO(N03)2 and oxidation with K20r207). NiNa, EDTA alone
was detected in the urine with the same reagent, after previous addition of
NaCN, which is supposed to decompose (breakdown) the Nickel complex. In
the urine, NiNa2 EDTA present together with CaNa2 EDTA was determined as
follows: the urine sample was divided into 2 equal portions (halves), and
to one half of the samplebNaCN was added in order to decompose the nickel
complex, and then CO(N02)3 and K2Cr207 were added to both halves (portions).

The difference in the color intensity corresponds to the amount of NiNa,

EDTA present along with CaNa, EDTA.

Discussion
M. Rubin (5) states thét the toxicity of nickel is reduced by a factor
of 70 as a result of the binding of nickel by the EDTA complex. If we
compare the LDgg of NiNa2 EDTA, i.e., 118.3 mgNi/kg for white mice with the '
toxicity of NiSO4, i.e., 7.85 mgNi/kg, during i.p. administration, this
ratio is equal to 15.
Further, we have found that CaNa, EDTA exerts a highly significant

protective effect when given simultaneously with NiSO4. This problem has
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already been considered by U. Scudier and V. Tinazzi (b), who studied the
effect of CaNa2 EDTA in the ekperimentai poisoning of rabbits by nickel.
However, we cannot well compare these tests witﬁ ours., The above authors;
namely, administered, in ihe first part of their tests, NiCl,; and CaNa2

EDTA simultaneously by the intravenous route in the same syringe. In dding
so, they used the following combinations: 12 mg Ni as metal/kg with 50

and 100 mg/kg of CaNa, EDTA, and further 15 mg Ni/kg also with 50 and 100 mg/kg
of CaNa2 EDTA. However, in order to bind 15 and 12 mg Ni a much larger amount
of CaNa, EDTA than 50 mg is necessary. Actually, Scudier‘and Tinazzi, in
their simultaneous application of both compounds in the above dosage in a
single syringe, administered a mixture of NiNa, EDTA and free NiClZ. Where
they administered 15 mg Ni and 12 mg Ni with 100 mg CaNa2 EDTA in a single
syringe, they actually gave to the animals a solution of NiNa, EDTA with a
possibly small excess of CaNa2 EDTA. If they had used in all tests at least
the theoretical amount of CaNa2 EDTA, which is necessary for binding all Ni,
they would have certainly obtained better results. The high value of the
LDgq of NiNa, EDTA obtained by us is also a proof of the considerable

protective action of CaNa2 EDTA.

Summary

1. In tests on white mice, we were able to establish the extremely
high and significant effect of CaNa, EDTA in the experimental

acute NiSO4 poisoning.

2. The LD., of NiNa, EDTA for white mice was determined, which 1s
. 50 2 0
equal to 1243.6 mg/kg. ,

3. In tests on white rats, the effect of CaNa2 EDTA on the
excretion of Ni in urine and feces during simultaneous application
of NiSO, s.c. and of CaNa, EDTA i.p. was noted. CaNa EDTA does
not Increase the amount o% metal excreted with the urine
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DER EINFLUSS VON CA NA,EDTA AUF DIE
EXPERIMENTELLE METALLVERGIFTUNG

IV. Mitteilung : Der Einfluss von Ca Na, EDTA auf die
experimentelle Vergiftung mit Ni SO,

VYON

Z. KOCHER, V. EYBL, J. SYKORA unp V. /MAJER
(Mit tech. Ass. von M. KosanovA und M. Lucikovi)

(Eingegangen am 22-5-1958).

Bei unseren Versuchen mit CaNa,EDTA haben wir uns entschlossen,
auch den Einfluss von CaNa,EDTA auf die experimentelle Vergiftung
mit NiSO, zu studieren. Nickel bildet mit EDTA in vitro einen sehr
festen Komplex, dessen log K, 18.62 betrigt und der unter die so-
genannten robusten Komplexe eingereiht wird. Diese Komplexe haben
gegeniiber normalen Komplexen eine abweichende Elektronenstruktur,
sie sind gentigend fest, aber bilden sich langsam und dissoziieren auch
langsam (1). Wir haben die Toxizitit von NiNa,EDTA untersucht, d.h.
des Komplexes, von dem wir voraussetzen, dass er in dem Organismus
bei der T'herapie der Nickelvergiftung mittels CaNa,EDTA gebildet
wird, und weiterhin die Toxizitit von NiSO,. Wir haben auch den
schiitzenden Einfluss von CaNa,EDT A bei der experimentellen akuten
Vergiftung mit NiSO; an weissen Miusen studiert sowie die Ausschei-
dung von Nickel bei Ratten nach Verabreichung von NiSO, und
CaNa,ED'T'A. Bei unseren Versuchen ging es uns hauptsichtlich darum,
ob dic chemischen Eigenschaften des robusten Komplexes nicht die
crfolgreiche Verwendung von CaNa,EDTA bei Nickelvergiftung ver-
hindern werden. e
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METHODE

Zu unseren Versuchen haben wir CaNa,ED'TA und NiNa,ED'T'A aus
dem Komplexon III (Chelaton 11T — Firma Lachema) bereitet. Dieser
NiNa,EDTA-Komplex wurde in fester Form isolicrt und auf seinen
Nickelgehalt analysiert, der 9.8 *;, betrug.

Die Versuche hinsichtlich der Ausscheidung von Nickel haben wir
ihnlich wie bei den vorangehenden Versuchen in metabolischen Kifigen
durchgefiihrt (2, 3). Die in Porzellantiegeln betindlichen Urin- und
Stuhlmuster wurden nach Mineralisierung auf trockenem V. cge unter
Zusatz eines Gemisches von KNO; + Na,CO, (1: 1) in HCL gelost
und wieder verdampft. Das Nickel wurde kolorimetrisch mittels Di-
methylglyoxim festgestellt (4).

ERGEBNISSE

A. Bei dem Versuch an weissen Miusen haben wir die Toxizitit von
NiNa,EDTA festgestellt. Der Stoff wurde in einer 10 °oigen Losung
intraperitoneal verabreicht, LD, betrug 1243,6 mg: 1 kg (d.i. 118,2 mg
Ni). Die Tiere wurden wihrend ciner Zeit von 10 Tagen beobachtet.

Wir haben weiters LDy, von NiSO, bei Verabreichung einer 1 ©,igen
-Osung i.p. festgestellt, die 37,56 mg'1 kg (d.i. 7,85 mg Ni) betrigt.

B. Die Schutzwirkung von CaNa,EDTA bei der experimentellen
Vergiftung mit NiSO, wurde auch an weissen Miusen beobachtet. Wir
Faben NiSQ, in einer Dosis von 100 mg/t kg als 1 °/y5ige Losung appli-
- ert und weiters in einer Dosis von 125 und 150 mg NiSO, 1 kg als

°looige Losung. CaNa,EDTA haben wir gleichzeitig intraperitoneal in

ner 10 %igen Losung in Dosen von '500, 1000 und 1500 mg;1 kg
-“rabreicht. Die Ergebnisse sind in der Abb. 1 veranschaulicht, In allen
drei Fillen unseres Versuches erweist sich die Schutzwirkung von
CaNa,EDTA iusserst signifikant (P < o,01).

I

C. Die Versuche mit Ausscheidung von NiSO, haben wir an Ratten
durchgefiihrt, denen wir subletale Dosen von NiSO, verabreicht haben,
und zwar gaben wir einmal 1 und 2 mg:100 g subkutan in einer 1 ¢, igen
L('3Sung allein, das andere Mal kombiniert.mit ciner gleichzeitigen intra-
Peritonealen Verabreichung von 10 und 30 mg CaNa,ED'T'A 100 g in
einer 10 % Losung. Wir haben auch NiNa,EDT'A in ciner Dosis applhi-
Ziert, die, was den Nickelgehalt anbetrifft, einer Dosis von 1 und 2
6

-~
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der iberwiegende Teil des Nickels in den ersten 24 Stunden aus-
geschieden wird. Nicht einmal im zweiten Fall, da wir 2 mg NiSO, 100 g
verabreicht hatten, beeinflusste CaNa,EDTA dic Ausscheidung des
Nickels im Urin in signifikanter Weise (P - 0,03). Nach Verabreichung

_ der entsprechenden Dosis von NiNa,ED'T'A haben wir in diesem zweiten

Fall sogar ein signifikantes Sinken der Ausscheidung des Nickels im

" Urin verzeichnet (P < o,01).

Im Stuhl bewegten sich die Werte des ausgeschiedenen Nickels in
den Einheiten von y/100 g. Nach Verabreichung von CaNa,EDTA kam
es hinsichtlich der Ausscheidung des Nickels durch den Stuhl zu keinen

* wesentlichen Anderungen.

D. In dem Urin der Ratten, denen wir NiSOj s.c. und CaNa,EDTA
i.p. verabreicht hatten, stellten wir qualitativ NiNa,EDTA und einen
Uberschuss von CaNa,EDTA fest.

Freies Nickel haben wir bloss bei Kontrollen gefunden, bei denen
NiSO, allein verabreicht worden war. Freics Nickel wurde im Urin
durch Dimethylglyoxim als roter Niederschlag nachgewiesen. CaNay-
EDTA wurde durch die Bildung des rubinroten CO,-Komplexonates
nachgewiesen. (Durch Reaktion mit CO(NO;), und Oxydation mit
K,Cr,0,.). Alleinige NiNa,EDTA im Urin wurde durch das gleiche
Wirkungsmittel nach vorangehendem Zusatz von NaCN, das den Nickel-
komplex zerlegen soll, nachgewiesen. Im Urin wurden NiNa,EDTA
nebst CaNa,EDTA auf folgende Weise festgestellt : Die Urinprobe
wurde in 2 Hilften geteilt. Der einen Hilfte der Probe wurde zwecks
Zerlegung des Nickelkomplexes NaCN beigefiigt und weiter wurden den
beiden Hilften CO(NO,), und K,Cr,0, zugesetzt. Der Unterschied in
der Firbungsintensitit gibt die Menge von NiNa,EDTA neben CaNa,-
EDTA an.

DiskUSSION

M. RuBIN (5) fithrt an, dass durch Bindung des Nickels an den Kom-
plex mit EDTA die Toxizitit des Nickels 70 fach herabgesetzt wird.
Vergleichen wir LDy, von NiNa,EDTA, d.i. 118,3 mg Ni/1 kg fiir
weisse Miuse mit der Toxizitit von NiSO,, d.i. 7.85 mg Ni/1 kg bei
intraperitonealer Applizierung, so ist dieses Verhiltniss gleich 13,

Wir haben weiter nachgewiesen, dass CaNa,EDTA hei gleichzeiuiger
Verabreichung mit NiSO, ¢ine hoch signifikante Schutzwirkung hat. Mit
dicser Frage haben sich schon auch U. Scubier und V. TiNazzi (6)
beschiiftigt, die den Einfluss von CaNa,ED'I'A bei der experimentellen
Vergiftung mit Nickel bei Kaninchen untersucht haben. Doch konunen wir
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diese Versuche nicht gut mit den unserigen vergleichen. Sie verabreich-

ten nimlich in dem ersten Teil ihrer Versuche NiCl, und CaNa,EDTA
gleichzeitig in derselben Spritze intravends. Sie verwendeten dabei diese
Kombinationen : 12 mg Ni als Metall/1 kg mit 50 mg bzw. 100 mg/s kg
CaNa,EDTA, und weiter dann 15 mg Ni/r kg ebenfalls mit. 50 bzw.
100 mg/1 kg CaNa,EDTA. Zur Bindung von 15 und 12 mg Ni ist
aber weitaus mehr CaNa,EDTA als 50 mg notwendig. U. Scupier und

V. Tinazz1 verabreichten bei gleichzeitiger Applizierung beider Stoffe

in der angefithrten Dosierung in einer Spritze eigentlich ein Gemisch
von NiNa,EDTA und freiem NiCl,. Dort, wo sie 15 mg Ni und 12 mg
Ni mit 100 mg CaNa,EDTA in einer Spritze verabreichten, gaben sic
eigentlich cine Losung von NiNa,EDTA mit einem event. kleinen
Uberschuss von CaNa,EDTA. Wenn sie bei allen Versuchen wenigstens
die theoretische Menge von CaNa,EDTA, die zur Bindung des gesamten
Ni notwendig ist, verwendet hitten, hitten sie. bestimmt bessere Er-
gebnisse erzielt. Der von uns erzielte hohe Wert der LD, von NiNa,-
EDTA gibt cbenfalls Zeugniss fiir die bedeutungsvolle Schutzwirkung
von CaNa,EDTA. . o

ZUSAMMENFASSUNG

1. Bei dem Versuch an weissen Miusen ist es uns gelungen, die
dusserst hohe signifikante Schutzwirkung von CaNa,EDTA bei der
experimentellen akuten Vergiftung mit NiSO, nachzuweisen.

2. Es wurde LD;, von NiNa,EDTA an weissen Miusen festgestellt,
die 1243,6 mg/1 kg betrigt. :

3. Bei den Versuchen an weissen Ratten wurde der Einfluss von
CaNa,EDTA auf die Ausscheidung von.Ni im Urin und Stuhl bei
gleichzeitiger Applizierung von NiSO, s.c. und CaNa,EDTA i.p. beob-
achtet. CaNa,EDTA erhoht die im Urin ausgeschiedene Metallmenge
nicht. R
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Toxic Effects of Certain Trace Elements

VII. Nickel

' Nickel is found in its natural state principally in the form of sulfides.
Its amount in the earth's crust is on the order of 0.016 p. 100 (Mastromatteo,

1967 [1]).

Its presence in plants was first pointed out by Forchamer in 1855 [2],

but it was until the works of Bertrand and his co-workers (1922, 1925, a, b,
{3 1926 [3, 41) in France, of McHargue (1926 [5]) in the United States and of

Berg (1925 [6]) in Germany that its universal distribution in the soil, plants,

and'animal tissues became known.

" These studies showed that nickel is more abundant in soil and plants but

much less abundant in animal tissues than cobalt.

A. Biologic Role

In spite of its presence in plants and animal tissues, no scientific

work has been able to attribute to it a well defined physiologic role. No

diseases caused by its deficiency or overdosage are known. This is fairly

=

surprising because of the similarity of the physical-chemical properties of

=

cobalt and nickel, similarity which could lead to some common physiologic

properties. The most recent works show that nickel in the absence of cobalt

=

or in the presence of an adequate quantity of cobalt possesses no therapeutic ;

effect in the treatment of diseases affecting livestock and sheep (Underwood, 1958).
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The effect of nickel on different enzymatic systems is well summarized

by Royer [8]: ' .
It is an activator of phosphatases in the spleen and in yeast;
of glycerophosphatase of the blood (in' the presence of
ascorbic acid).
It also activates hepatic arginase, arginase in blood and in
brewer's yeast, but the effect of manganese is 10 times
more marked. :

It would be an inhibitor of intestinal phosphatases; of the
lipase of castor oil, of urease and pepsin.

Concerning alcoholic fermentation, small amounts have an
activating effect but large doses are inhibiting.

Finally, nickel in vitro, activates carboxylase (Speck, 1948,
[9]), and trypsin (Sugal, 1944, [1o0l).

According to Schell (1966, [11]), nickel stabilizes the labile
factor intervening in the formation of blood clots.
B. Metabolism

According to Kent and McCance (1941 [12]), an adult absorbs between 0.3
and 0.5 mg of nickel per day.

Green vegetables (lettuce, cabbage, spinach, peas, etc., ...) are relatively
rich; 1.5 to 3 ppm. Cereals, potatoes, and fruits are less rich; 0.15 to
0.35 ppm--all these results are given in dry weight (Bertrand et. al. [3, 4]).

The preparation and storage of foods, (especially acids) in nickel
utensils may lead to the dissolution of significant quant;ties of this metal
(Lehmann, 1908, [13], Normann and Hugel, 1913 [14]). |

Milk pasteurized industrially in nickel apparatus contains variable
amounts of it. But with the usage in the food industry of new alloys more
resistant to corrosion such as monel or iconel, contamination becomes
negligeable (Underwood, 1958, [71).

Administered by the digestive route, nickel salts largely combine with

food prdteins to form insoluble compounds which are excreted in the feces.



"If there is an excess of them, or in the case of hyperacidity of the milieu
in the absence of food, they pass into the bloodstream (see Royer, 1952, [8]).

By the parenteral route, the poisén is rapidly distributed throughout

the organism. The organs which accumulate the most nickel are: the spinal

marrow, the brain, the lungs, the heart, The liver and the kidneys contain

small quantities (Chittenden and Norris, 1889, [151).

Riche (1888 [16]) on the other hand, noted significant localization in

the liver and kidneys. The recent experiments of Wase et. al., (1954 [171)

with labeled Ni, confirmed these results. The quantities found in the lungs

and brain 72 hours after poisoning were of the order, respectively of 38% and

172 of the administered amount.

Further, rapid elimination by the urine and feces was observed.

Maximum urinary concentrations were reached 4 hours after the administration

of the product.
The percutaneous absorption was nil in animals and in man, even in
sensitive subjects (Samitz and Pomerantz, 1958 [18]).

1f nickel was given orally, it was eliminated totally or in large

part by the feces (Rohde, 1889 [19]; Cannava, 1939 [20]).

Mascherpa (1927 [21]) contended that as opposed to cobalt, it was
because of the salts that nickel was excreted. On the other hand, Caujolle

(1936 [22]), Kent and McCance (1941 [12]) accorded clear preponderance to -

urinary elimination.

According to Caujolle (1937 [23]), biliary elimination is always

minimal.

| C. Normal Amounts
In man, the normal values for nickel in the blood and urine are respectively
- 3pg/100 ml of blood and 0.76 .to l.lug per liter of urine (see Browning,

1969 [24]).
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However, in cases of myocardial infarction, theré is an elevation of

the amount of plasmic nickel (D'Alonzo.and Pell, 1963 [25]).

The amount of plasmic nickel can thus contribute to the diagnosis of

7 this disease.
Dutoit and Zbinden (1930 [26]) by spectroscopic analysis of organ ashes
noted the presence of nickel in the pancreas and in the spleen, and its absence

in the liver. ' .

Bertrand and Macheboeuf (1925 b, 1926 [4]), however, gave a value of

0.09 ppm for fresh human liver and only 0.04 ppm for the pancreas.

D. Toxicity of Nickel
' ' We give in Table VII the data concerning the acute toxicity of metallic

derivatives of nickel reported in The Handbook of Toxicology [27].

TABLE VII
' s ormse. | - papyeasrAE | (Be) mefks AL -
o Chlorure de nickel v, ' | chien-
NiCl», 6 H.0 LV. 40-80 4 chien L‘
' Sulfate de nickel P S/C. 62 1 cobaye (. '
i Niso;, 6 H.O § §00-1.CC0 dapin -1, !
500-1.000 chiencg Y |}
1--Salt used 5——Nicke1 sulfate
’ 2-~Route of administration 6-—Guinea Pig —
3--Nickel chloride 7--Rabbit
§ 4--Dog
Orally, high doses of metallic derivatives of nickel cause gastro-

{ntestinal irritation with vomiting and diarrhea. The lethal dose varies

according to the species of animals; for the dog, it is on the order of 0.5g

(Greco, 1898 [28)).

By the parenteral route (i.v.), there is observed gastroenteritis
undoubtedly due to the excretion of nickel in the intestine, nervous syndromes

consisting of trembling, movement similar to Saint-Guy's dance and finally,

paralysis. Further, there exists rarely convulsions (especially in the dog).
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Death occurs from cardiac failure. The lethal dose of nickel oxide by the
intravenous route is 0.01 g/kg in the cat and 0.007 g/kg in the dog (Stuart,
1883 [29]). That of nickel sulfate varies between 0.5 and 1 g for rodents
and dogs (Riche, 1888 [30]).' For Bértrand and Serbescu (1931 [31]), the
amount of 0.10 g/kg was fatal>for guinea pigs and rabbi;s. According to
Caujolle and Canal (1939 [32]), dogs succumbed after intravenous injection of
a single dose of 0.10 g or 0.20 g of colloidal nickel or nickel chloride.

By the subcutaneous route, lethal doses of the soluble nickel salts are
7 to 8 mg/kg for rabbits and 9 to 16 mg/kg for cats. At autopy, significant
changes were observed consisting of edema, hemorrhages and degeneration of the
car?iac muscles, the brain, lungs, liver, and kidneys (Armit, 1907, 1908 [33]).

Concerning chronic and semi-chronic poisoning, the few results obtained
were very divergent.

Lehmann (1908 [13]) pointed out that cats and dogs tolerate daily doses
of metallic nickel salts of 4 to 12 mg/kg during 200 days.

On the other hand, Grushko et. al. (1953 [34]) observed severe
alterations of the myocardium and hepatic parenchyma in rabbits receiving
nickel sulfate in an average dose of 0.54 mg/kg/day in drinking water for
160 days.

This difference in toxicity would undoubtedly be due to greater
absorption of nickel given in drinking water because in food, nickel would
exist principally in the form of compounds.

~ Subjected to inhalation or parenteral administration of metallic nickel

during a period of about 6 months, animals often present tumors (Hueper,

1952, 1955, 1958 [35]).

By the parenteral route, Hueper caused bone sarcomas, tumors of the

conjunctival and nervous tissue and of the musclea in rats and rabbits. The

nasal sinuses and the lungs were not affected.
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From inhalation of a concentration of 15 mg/m3 Qf metallic nickel dusts
of dimensions léss than or equal to 4ﬁ during a maximum of 21 months, all the
guinea pigs and almost all the rats ha; tumors, eitﬁer benign or malignant, in
the lungs. Mice, on the other hand; showed no histological alteration in
the pulmonary system. |

In the guinea pig, the lung showed very clear changes in the form of
epithelial proliferations in the bronchial mucosa and extended into several
adjacent alveolar zones: some of these lesions resembled bronchial carcinomas
and adenosarcomas (in minature) of the alveoli with alveolar anaplastic
carcinoma well defined in one animal.

In the rat, adenoid formations were observed.in the area of the alveoli
and more sarcomas of the abdominal and mediastinal lymphatic modules.

Finally, the effects of nickel on the cardiovascular system, on the
respiratory organs, on the digestive system and the related glands, on the
nervous system, on the blood, and on the glands of internal secretion are
well described by Royer [8].

In man, no systepatic poisoning has be;n found during the course of the
utilization of nickel in therapeutics or in the industrial domain.

In therapeutics, nickel was used towards the end of.the 19th century as
treatment for anemias and as a sedative of the nervous system for head
problems, neuralgia and inéomnia, either in the form of sulfate or bromide.

With doses higher than the usual therapeutic doses,.some vertigo,
nausea and vomiting was observed.

In the industrial domain, the metallic derivatives of nickel often cause
dermatoses; but the compoun@.responsible for numerous poisonings is nickel
carbonyl. The symﬁtomatology and the lesions caused by this derivative are

well described in the specialized books on industrial toxicology.
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4 mg/kg pendant 8 jours, le Co provoque d'importantes atteintes cardiaques
caractérisées par des cedémes, des dégénérescences, des séparations de cellules
cardiaques, des accumulations de gouttelettes de lipides.

3) Effets toxiques chez I'hdbmme.

‘
1a plupart des intoxications d’origine non industrielle sont survenues chez
Yhomme & la suite de l'utilisation du Co contre certaines formes d'anémies. Chez
les sujets normaux, Padministration du cobalt se traduit rapidement par une poly-
globulie. Dans les différentes formes d'anémies, la réponse est variable : pour
les anémies dues & des hémorragies ou & des infections douces, la réponse est
bonne ; par contre, pour les anémies macrocytaires ou les infections chroniques

séveéres, l'effet est moins bon.

Les effets toxiques peuvent se produire méme aprés une dose unique de
800 mg de CoCl; administré per os (WEISSBECKER et MAURER, 1947 [27]) avec
des vomissements, des diarrhées et des sensations de chaleur.

Chez 'homme, leffet immédiat d’une dose suffisamment élevée d’'un sel de
cobalt hydrosoluble administrée par voie parentérale se traduit, d'aprés LE GOFF
(1929 [30]) par une vasodilatation instantanée des vaisseaux superficiels de la

face, des creilles, de la nugue et du cou, qui dure S & 10 minutes, accompagnée

d’une accélération cardiaque, d'une chute de la pression sanguine qui s'étend
sur une plus grande durée et d'une perception de chaleur assez vive au visage.

On cbserve, en plus, des respirations lentes, des étourdissements, des pal-
pitdtions, des surdités nerveuses. .

L’administration des doses thérapeutiques journaliéres de 3 & 4 mg de Cc dans
Je traiternent de 'anémie drépanocytaire provoque un eifet goitregéne (GROSS
et coll, 1955 {46]). La méme année, KLINCK (1958 [47]) rapporte 10 cas de goitre
observés chez les enfants dont 5 ont regu des préparations & base de fer et de
cobalt. ROBEY et coll. (1956 [48]) signalent un cas d’augmentation de volume de
la thyroide avec tous les symptémes de myxcedéme chez un enfant de 17 mois
soumis journellement pendant 2 semaines & une préparation & base de fer et de
cobalt & 1a dose de 4 mg de CoCl, par kg de poids corporel. HOLLY (1955 [49])
par contre, pense que le Co est sans effet sur Yactivité de la thyroide.

ROCHE et LAYRISSE, (1856 [50]) signalent qu'il y a une nette diminution de
Yincorporation de I'I'3i dans les thyroides une semaine aprés I'administration

journaliére de 150 mg de CoCl,, cependant SCOTT et REILLY (1955 [51}) n'ob-

servent aucun changement du métabolisme de l'iode chez l'animal. -

Le cobalt peut provoquer encore des intoxications professionnelles trés graves
avec des dérangements gastriques, des lésions cutanées et des atteintes sévéres
au niveau pulmonaire (BROWNING, 1969 [52]). )

VII. — LE NICKEL.

Le nickel se trouve i l'état naturel principalement sous forme de sulfures.
Sa teneur dans I'écorce terrestre est de I'ordre de 0,018 p. 100 (MASTROMATTEO,
1987 [1})).

Sa présence dans les plantes est signalée pour la premiére fois par FORCHAM-
MER en 1855 [2], mais il faut attendre les travaux de BERTRAND et coll. (1922,
1925 a, b, 1926 {3, 4|) en France, de Mc HARGUE (1925 [S5}]) aux Etats-Unis, et de
BERG (1925 [6]) en Allemagne pour que sa distribution universelle dans les sols,
dans les plantes et dans les tissus animaux soit reconnue.
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Ces études montrent que le nickel est plus abondant dans les sols et dans les
plantes mais beaucoup plus pauvre dans les tissus animaux que le cobalt,

A — Réle biologique.

En dépit de sa présence dans les plantes et les tissus animaux, aucun travail
sc:entxﬁque n'a pu lui attribuer un réle physiologique bien déterminé. On ne
connait pas de maladies dues soit & une carence, soit 4 un surdosage en nickel.
Ceci est assez surprenant, & cause de la similitude des propriétés physico~chimiques
du cobalt et du nickel, similitude qui pourrait entrainer quelques propriétés
physiclogiques communes. Les travaux les plus récents montrent que le
nickel en absence du cobalt ou en présence d'une quantité adéquate de cobalt
ne posséde aucune action thérapeutique dans le traitement des maladies de dépé~
rissemeat du bétail et du mouton (UNDERWOOD, 1958 [7]).

- L'action du mckel sur différents systdémes enzymatiques est bien résumé par
ROYER [8] :

~ C’est un activateur des phospha!ases de la rate et de la levure ; de la glycé-
rophosphatase du sérum (en présence d'acide ascorbique).

- 11 aclive aussi l'arginase hépatique, l'arginase du sérum et de la levure de
bi¢re, mais I'action du manganése est 10 fois plus marquée.

— Il serait inhibiteur des phosphatases intestinales ; de:bla lipase du ricin,

de l'uréase et de la pepsine.

— En ce qui concerne la fermentation .alcoclique, les doses faibles ont un
effet activant mais les doses fortes sont inhibitrices.

~— Enfin, le nickel, in vitro, active le carboxylase (SPECK, 1948 [9]) et la try-
psme (SUGALI, 1244 [10])

— D’aprés SCHELL (1966 [11]) le nickel stabilise le factenr labile intervenant
dans la formation du caillot sangu.m.

B — Meétabolisme.

D’aprés KENT et Mc CANCE (1941 [12]), un adulte absorbe entre 0,3 et 0 8
mg de nickel par jour.

Les légumes verts (laitue, chou, épinard, pois, etc...) sont relativement riches :
1,5 & 3 ppm. Les céréales, les pommes de terre et les fruits en sont plus pauvres :
0,15 & 0,35 ppm - tous ces résultats sont donnés en poids sec - (BERTRAND et coll.

[3, 4. .

La prégaration et la conservation des aliments (sxlxrtout acxdes) dans des usten-
siles en nickel peuvent entrainer la dissolution des quantités importantes de ce
métal (LEHMANN, 1908 [13], NORMANN et HUGEL, 1913 [14]).

Les laits pasteurisés industriellement dans des appareils en nickel contien-
nent des teneurs variables de celui-ci. Mais avec l'utilisation de nouveaux alliages
plus résistants a la corrosion comme le monel ou l'iconel dans I'industrie alimen-
taire, la contamination devient négligeable (UNDERWOOD, 1958 [I]).

Administrés par voie digestive, les sels de Ni se combinent en grande partie
avec les protéines alimentaires pour former des complexes insolubles qui sont
excrétés par les féces. S'ils sont en excés ou en cas d’hyperacidité du milieu et
en I'absence d’alimentation, ils passent dans la circulation (voir ROYER, 1952 [8]).
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Par voie parentérale, le toxique se distribue rapidement dans tout Iorganisme.
Les organes qui accumulent le plus de nickel sont: Ia moelle épiniére, le cerveau,

i le poumon, le cceur. Le foie et le rein contiennent de faibles quantités (CHITTEN-

DEN et NORRIS, 1889 [15]). RICHE (1888 [16]) par contre, signale une localisation

importante au niveau du foie et du rein. Les expériences récentes de WASE et
coll. (1954 [17]) avec le Ni marqué, confirment ces résultats. Les quantités re-
i trouvées dans les poumens et le cerveaun 72 heures aprés l'intoxication sont respec-

% tivement de l'ordre de 38 p. 100 et de 17 p. 100 de la dose administrée. On observe,

en plus, une élimination rapide par les urines et par les féces. Les concentrations

urinaires maximales sont atteintes 4 heures aprés I'administration du produit.

L'absorption percutanée est nulle' chez les animaux et chez 'homme méme
chez les sujets sensibles (SAMITZ et POMERANTZ, 1958 [18]).

Si le nickel est donné par voie or'a.le, il est éliminé en totalité ou en grande
partie par les féces (ROHDE, 1889 [19] ; CANNAVA, 1939 [20]).

v

MASCHERPA (1927 {21]) soutient méme qu'a la différence du ccbalt, c'est par
les selles que le nickel s’excréte. Par ‘contre, CAUJOLLE (1936 [22]) KENT et Mc
CANCE, (1941 [12]) accordent & I'élimination urinaire une nette prépondérance,

D’aprés CAUJOLLE (1937 [23]) I'élimination biliaire est toujours minime.

-

C — Teneurs normales.

Chez l‘l{omme, les valeurs normales du nickel dans le sang et dans les urines
sont respectivement de 3 pg /100 ml de sang et 0,76 & 1,1 ug par litre d'urine (voir
BROWNING, 1968 [24)).

" Cependant dans les infarctus du myccarde, il y a une élévation des teneurs
T du nickel plasmatique (D’ALONZO et PELL, 1963 [25]).
a Le dosage du nickel plasmatique peut ainsi contribuer au diagnostic de cette
maladie.

DUTOIT et ZBINDEN‘(1930 [26]) par analyse spectroscopique des cendres
d’organes, signalent la présence du nickel dans le pancréas et dans la rate, et
son absence dans le foie.

BERTRAND et MACHEBOEUT (1925 b, 1926 [4]) donnent cependant une valeur
- de 0,09 ppm pour le foie humain frais et seuiement 0,04 ppm. pour le pancréas.

N
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D — Toxicité du nickel. .

Ncus donnons dans le tableau ViI le';s données concernant la toxicilé aigué
des dérivés métalliques du nickel, rapportés dans le Handbook of Toxicology [21].

TABLEAU VIL
, | seL vTmse | D ADNSTRAT M ma/kg ANIMAL
. Chlorure de nickel 0 | chi
NiCL. 6 H.0 } LV 40-8 | en
LR Sulfate de nickel s/C. 62 | cobaye (,
» NiSO;,, 6 H0 G 500-1.000 lapin 1
500-1.000 chiengg 4

Bt gyt

g
|

|
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Par voie orale, les doses élevées de dérivés métalliques du nickel provoquent
des irritations gastro-intestinales avec des vomissements et des diarrhées. La
dose léthale varie selon les espéces animales ; pour le chien elle est de I'ordre
de 0,5 g (GRECO, 1898 [28}).

Par voie parentérale (S/C ou LV.) on observe une gastro-entérite due sans
doute & une excrétion du nickel dans l'intestin, des syndromes nerveux consistant
en tremblements, en mouvements rappelant la danse de Sain!-Guy et finalement
la paralysie. Il existe en plus, quelques rares convulsions (surtout chez le chien).
La mort survient par défaillance cardiaque. La dose lJéthale de I'oxyde de nickel
par voie intraveineuse est de 0,01 g /kg chez le chat et de 0,007 g/kg chez le chien
(STUART, 1883 [29]). Celle du sulfate de nickel varie entre 0,5 et 1 g pour les ron-
geurs et les chiens (RICHE, 1888 [30]). Pour BERTRAND et SERBESCU (1931 [31])
1a dose de 0,10 g/kg est mortelle au cobaye et au lapin. D’aprés CAUJOLLE et
CANAL (1939 [32]), les chiens succombent aprés l'injection intra veineuse d'une
dose unicue de 0,10 g ou de 0,20 g de nickel colloidal ou de chlorure de nickel.
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Par voie sous-cutanée, les doses léthales des sels solubles de nickel sont de
7 3 8 mg/kg pour les lapins et de 9 a 16 mg kg pour les chats, A l'autopsie, s'obser-
vent de grands changements consistant en cedéme, hémorragie et dégénérescence’
au niveau des muscles cardiaques, du cerveau, du poumon, du foie, du rein (AR-
MIT, 1907, 1908 [33]). ) .

En ce qui concerne Dintoxication chronique et semi-chr'oniqne, les quelques
résultats obtenus sont trés divergents.

LEHMANN (1908 [13]) signale que les chats et les chiens tolérent des doses
journaliéres de sels métalliques de nickel de 4 4 12 mg;kg pendant 200 jours.

Par contre, GRUSHKO et coll. (1953 [34]) observent des altérations sévéres
, du myocarde et du parenchyme hépatique chez les lapins recevant le sulfate de
__L . nickel & la dose moyenne de 0,54 mg/kg/j dans I'eau de boisson pendant 160 jours.

Cette différence de toxicité serait due sans doute & une absorption plus grande
du nickel donnée sous forme d'eau de boisson, car dans les aliments le nickel
existerait principalement sous forme de complexes.

' Sowmnis & une inhalation ou & une administration parentérale de nickel métal-
lique pendant une période de Yordre de 6 mois, les animaux présentent souvent
des tumewrs (HUEPER, 1952, 1955, 1958 [35]).

Par veoie parentérale, HUEPER provoque des sarcomes osseux, des tumeurs
des tissus conjonctifs et nerveux, et des muscles chez les rats et les lapins. Les
sinus nasaux et les poumons ne sont pas atteints.

Par inhalation 3 la concentration de 15 mg/m? de poussiéres métalliques de
nickel de dimensions inférieures ou égales & 4 1 pendant une période maximale
de 21 mois, tous les cobayes et presque la totalite des rats ont des tumeuwrs soit
malignes, soit bénignes au niveau du pournon. Les souris, par contre, ne présentent
aucune mcdification histologique au niveau pulmonaire. :

Chez le cobaye, le poumon présente des modifications trés nettes sous forme

de proliférations épithéliales dans les muqueuses bronchiques et étendues dans

1 . plusieurs zones aux alvéoles adjacentes : quelques-unes de ces lésions ressem-

% blent aux carcinomes des bronchioles et aux adénosarcomes (en miniature)

des alvéoles avec un carcinome alvéolaire anaplastique bien défini chez un animal.

Chez le rat, on observe les mémes formations adénoides au niveau des alvéoles

et en plus des sarcomes des nodules lymphatiques abdominaux et médiastinaux.

Enfin raction du nickel sur le systéme cardiovasculaire, sur l'appareil respi-
ratoire, sur I'appareil digestif et les glandes annexeas, sur le systéme nerveux,
sur le sang et sur les glandes 4 sécrétion interne est bien décrite par ROYER [8].
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Chez 'homme, aucun empoisonnement systémahque n’est signalé au cours
de Yutilisation du nickel soit en thérapeutique, soit dans le domaine industriel.

En thérapeutique, le nickel est utilisé versla fin du 19*»* siécle contre les anémies
et comme sédatif du systéme nerveux contre les maux de téte, les névralgies
et les insomnies, soit sous forme de sulfate, soit sous forme de bromure.

Aux doses supérieures aux doses thérapeutiques usuelles, on observe quelques
étourdissements, quelques nausées et vomissements.

Dans le domaine industriel, les dérivés meta.lhques du nickel provogquent
trés souvent des dermatoses ; mais le composé responsable de nombreuses
intoxications est le nickel carbonyle. La symptomatolome et les lésions provoquées
par ce dérivé sont bien décrites dans les livres spécialisés de toxicologie indus-
trielle (vou: BROWNING, 1969 [24}).
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Nickel: A Review Of Its Occupauonal

He‘uth Aspects

ERNEST ;\IASTRO.\'IATTEO, M.D., Toronto, Canada

NTario has large deposits of nickel ore in
the Sudbury area and from these produces
about 70 of the free world’s consumption of

nickel. Because of this, the occupational health -

aspects involved in mining and refining nickel
ores and in the industrial use of nickel alloys

and nickel compounds assumes special impor-

tance for us in Ontario.

Nickel is a grayish-white metallic element—
hard, tough, and wmarkedly resistant to oxida-
Meteoric iron contains 5-
15% nickel, and this alloy was used for tools in
prehistoric times. Nickel was first isolated in
impure form in 1751 by A. F. Cronstedt in
Germany from an ore containing niccolite
(NiAs). An ore of this type had earlier caused
trouble with the copper and silver mines in
Saxony because it yielded an unusual brittle
product It was referred to as “kupfernickel”
after “Old Nick™ and his mischievons gnomes,

and Cronstedt applied the name “nickel” to his

new clement.?

Although nickel is a fairly common minor
constituent of igneous rock (it constitutes about
0.016% of the earth’s crust), there are few de-
posits that qualify with respect to concentra-
tion, size, and accessibility for commercial in-
terest. The most important sources of the metal
arce the mixed sulfide ores containing pentland-
ite (NiFeS,) ds the principal nickel mineral;
nickeiiferous pyrrotite (Fe.S,); and the copper-

‘bearing mineral chalcopyrite (CuFeS,). Other

metals, present in small amounts, include cobalt,
selenium, tellurium, silver, gold, and the metals
of the platinum group. These ores are mined
on a large scale at Sudbury, Ontario, and
Thompson, Manitoba. The ore is of variable

" grade and may average 2-3% copper-nickel.

Dr. Mastromatteo is Chicef, Occupational Health Service,
The Ontario Department of Health,
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Processing and refining of the ore is costly
and complex and has underg gone many modifi-
cations. The bulk of the ore is dry-crushed,
sized, and wet-ground in rod-and-ball mills. It
is passed through a series of classifiers, flotation
cells, thickening tanks, filters, and magnetic
separators, Tlnee smﬁde concentrates are pro-
duced: copper, nickel concentrate containing
some copper, and iron. The copper concentrate
is sent to the copper smelting furnace, the
nickel concentrate to the ;mclter roasting fur-
naces, and the iron concentrate to the iron-ore
YECOVEry pProcess.

The nickel concentrate is roasted in multi-
hearth roasters to eliminate about one-half of
the sulfur and to oxidize the iron associated
with this sulfur. The resulting hot calcine is
smelted in pulverized coal- and natural gas—
fired furnaces. The furnace matte is blown with
air in Pierce-Smith converters to remove iron
and its associated sulfur. The sulfur is oxidized
to sulfur dioxide, forming part of the fuel in the
process. The iron is removed by the formation
of a slag with added silica. Molten matte from
the converters, consisting essentially of copper
and nickel sulfides, is poured into shallow molds
and allowed to cool slowly. The matte is then
crushed. The crushed matte is wet-ground and
magnetically separated to recover a concentrate
containing the bulk of the precious metals. Sub-
sequently, the finé, nonmagnetic fraction is
floated to separate copper sulfide from nickel
sulfide. Most of the nickel sulfide from this
separation was formerly sintered but is now
fluid-bed roasted to produce nickel oxide.

Details of nickel refining operations (Mond
process) carried out in Great Britain have been
published by Morgan.* In Ontario, fluid-bed
nickel oxide is reduction smelted in reverbera-
tory furnaces and cast into anodes. The anodes
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are electrolytically refined.. The pure cathode
metal s sheared, packed, and shipped, or
melted to produce nickel ingot or shot. The
clectrolytic sludge (or anode residue) is further
pu)u‘xwd for recovery of precious. metals.
Estimates of the consumption of nickel dur-
ing 1965 in the various prineipal ficlds of appll-

cation’ are shown below.

1965 Consumption

. Millions
Field : of Ih. %
Stainless steel (2-26% Ni) , 247 33.8
Nickel plating 111 15.2
High nickel alloys (e.g., Monel 2
G5~-70% Ni) 101 13.8
Construction alloy steels :
- (3=-104 Ni) 91 12.5
Iron and steel castings (e.g., :
ductile iron 1-3% Ni) 80 10.9
Copper and brass products (e.g.,
nickel silvers 10-30% Ni) 31 4.3
All others 69 9.5
ToraL 730  100.0

Nickel and its alloys are used in coinage (25—
1064 ). Many other nickel alloys are commer-
cially available. These include heat- resistant
allovs (75% Ni and 14¢ Cr); electrical-resistance
allovs (SO—SS’E-); and permanent-magnet alloys
(14—) ().

Nickel compounds of commercial importance

include: nickel oxide (nickelous oxide, NiO),
used in the preparation of nickel alloys, ground-
coat enamels, and in coloring ceramics and
glass; nickelous hydroxide (\1(011)_), a light-
green powder used to prepare nickel catalysts

_and in nickel-iron-storage batteries; nickel sul-

fate (NiSO,-6H.0), the most familiar nickel
salt used in clectroplating baths; nickel chloride

" (NiCl,-611,0), and nickel nitrate (Ni(NO,), -

6I,0), used in electroplating and in the prepa-
ration of nickel catalysts. )

Nickel carbonyl (Ni(CO),) is prepared by
treating. finely divided metallic nickel with car-
bon monoxide. Sulfur acts as a catalyst for this
reaction. The Mond refining process makes use
of this carbonyl to produce highly refined
nickel. Nickel carbonyl is very toxic.

Nickel has important uses as a catalyst.
Various: forms and compounds are used, e.g.,
nickelous hydroxide, nickel nitrate, and nickel
formate, all of which yield finely divided nickel
in an active form. Nickel catalysts are most
frequently used in hydrogenation of fats and
oils. The significance of residues of metallic
nickel in food resulting from its use as a hydro-

genation catalyst has been raised.
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Toxicily of Nickel and Its Compounds

The toxicity of nickel and its compounds has
been reviewed by Stokinger.® ,
Nickel salts are highly toxic when adminis-

tered intravenously or subeutancously. Colloidal

nickel and nickel chloride are lethal to dogs in
single intravenous doses of 10-20 mg. /kg.
Soluble nickel salts are lethal in subcutaneous
doses of 7-8 mg./kg. to rabbits and 9-16 mg./
kg. to cats. - .

Ingested nickel metal is rclatlvc]y nontoxic.
There is a high oral tolerance in dogs; oral doscs
of 1-3 gm./kg. arc without effect. Doses of
4-12 mg. /kg. daily for 200 days in dogs and cats
produced no ill effects. There is no evidence
that nickel absorbed from food or from food
cooked in nickel or nickel alloy containers is of
any health significance cven though a few milli-

grams may be ingested daily.?

In metabolic studies in dogs it was found that
90% of ingested nickel was excreted in the feces
and 10% in the urine. Blood and urine values
for nickel have been published.” The normal
values for nickel in blood and urine have been
reported as 3 pg./100 ml. and 7.6-11 pg./L. re-
spectively.® 7 Those exposed to nickel may show
blood values ranging from 16 to 223 pg./100 mlL
Normally no nickel is pxcsent in the liver. The
langs contain from 0.4 to 22 ug./100 gm. of
wet tissue.

Nickel carbonyl (Ni(CO),) is extremely toxic.
It is a mobile, colorless liquid with a high vapor
pressure. It boils at 43° C. and begins to de-
compose at 60° C., producing finely divided
nickel and carbon monoxide. It is used in the
Mond process for refining nickel. It may also
be encountered in other operations in which
nickel and carbon monoxide are present and
capable of combining, e.g., inert gas-shiclded
arc welding with carbon dioxide gas on Monel

. metal, and flushing out nickel vessels with “inert

gas” containing carbon monoxide, according to
Eckardt.®* The LC,, for a 30-min. exposure in
rats is 240 mg./cum. (about 35 ppm). Symp-
toms of acute exposure include: giddiness,
headache, dyspnea, and vomiting. Commonl}
victims feel better when they are removed to
fresh air. However, 12-36 hr. later dyspnea re-
turns, and symptoms become much more severe,
with cyanosis, leukocytosis, fever, cough with
blood-tinged sputum, delirium, and progressive
respiratory difficulty. Death may occur in 4-11
days. Postmortem findings in fatal cases are
similar to those produced by inhalation of phos-
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gene, with evidence of an acute chemical pneu-
monitis.  Calcium disodium EDTA" has been
tried withont success in nickel carbonyl poison-
ing. BAL provides only partial success. The
therapeutic agent of choice according to Sun-
derman and Sunderman? is Dithiocarb (sodium

“diethyldithiocarbamate “trihydrate).

- Kincaid et al¥ suggested 0.04 ppm as the
maximum  allowable concentration for nickel
carbonyl to prevent acute effects, but because
of its implication with lung cancer, a threshold
limit value of 0.091 ppm has been established
by the Threshold Limit Values Committee of
the American Conference of Governmental Hy-
gienists.™ Table 1 shows the guidelines pro-
posed by Kincaid and his associates.®

Nickel Dermatitis

Dermatitis from contact with nickel-plated
articles, jewelry, garter buckles, and coins has
been known for some time. Numerous cases of
dermatitis have been reported among workers
engaged in electroplating with nickel and in re-

fining nickel. The typical “nickel itch” usually

begins with a burning and itching of the ex-
posed skin on the hand. Erythema appears and
later a- nodulir eruption in the web of the
fingers and in the forearms. These nodules may
go on to form pustules. Recovery is common in
1 week, but the rash may persist for weeks in
some instances. There arc two components

with nickel dermatitis—a simple dermatitis lim-.

ited to the arca of contact followed by a chronic
eczematous reaction that becomes widespread.
Bulmer and MacKenzie' studied “nickel

-rash” in Ontario nickel refinery workers, and

they found that heat and moisture were the

“TaBLE 1. TuresnoLp Linnt VALUES FOR
NickeL CARBONYL¥

Concentratior {pnm) -

In plant

Daily
Single air average Qutside
- xample  concentration plant
Target value 0.04 0.001 0.003
Discontinme opera-
tions or respira-
tory protection
required 0.2-2.0 0.001-0.005 —
Shut down opera- _
0.005 0.001

tions 2.0

*From Kincaid et al.*
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most important contributing factors. Cases were
more numerous during hot weather when sweat-
ing was increased or when work was done un-
der hot, moist conditions. These authors ad-
ministered calcium chloride by mouth in the
hope of affecting the pH of the sweat, and they
felt that this was useful in many cases.

Fisher and Shapiro'™ noted that nickel was a
common cause of allergic cczematous contact
dermatitis and that more cases of skin trouble
became apparent with the avider use of nickel,
They re-cxamined 40 patients with nickel sensi-
tivity and found that 36 of them were still
sensitive to it on patch-testing 2-17 years after

the original diagnosis. They used 10% nickel

sulfate but recommended that a 5% concentra-
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tion was preferable for patch-testing. Nickel.

should be regarded as a relatively potent skin
sensitizer. 1t is quite specific; Fisher and Sha-

piro found no cross sensitization in their pa-

tients on patch-testing with 2% cobaltous -sul-
fate, 0.5% potassium dichromate, or 3% copper
sulfate. ' ‘

Respiratory Disorders from Nickel

Certain respiratory effects have been reported
among workers exposed to nickel fumes and
dust but such reports are clouded by concomi-
tant exposure to other substances. There have
been reports of trouble when nickel was used
in such operations as polishing, electroplating,
nickel-cadmium battery manufacture, and weld-
ing. Cases of acute pneumonitis as a result of
exposure to nickel fume have been described.®
In these reports it is not possible to rule cut the
effects of exposure to such agents as ozone,
nickel carbonyl, or the products of decomposi-
tion of trichloroethylene. .

In general, there is no real evidence that
nickel fume or dust produces any particular in-
flammatory .disease or fibrosis of the lung in
workers on either acute or chronic exposure.

Respiratory Cancer in Nickel Refinery
Workers '

The production of nickel by the gascous car-
bonyl process began at a refinery in Wales in
1902. This plant was the first of its kind in the
world. In 1932 Bridge'. reported 10 cases of
cancer of the interior of the nose that had oc-
curred at this refinery after 1923. He com-
mented guardedly that the question of indus-
trial responsibility must remain open “but the




very high incidence of cancer in a little-re-
corded site cannot be regarded otherwise than
as suggestive.” Amor, at that time the medical
oflicer of the nickel refinery, undertook a com-
plete medical survey.  1n 71938 he reported?
that 21 workers engaged in extracting and ve-
fining copper and nickel had dovolopcd cancer
of the respiratory tract. Ten of these cancers
were in the ethmoid region and 9 involved the
middie turbinate bone. Histologically, 6 of the
nasal cancers were undiflerentiated, 3 were
squamous-cell carcinoma, and 1 was a papillary
(colmmmar-cell) carcinoma. Amor believed that
arsenic was responsible. The smelted ore con-
tained about 2% arsenic, and the sulfuric acid
used in extraction prior to 1924 was contami-
nated with arsenie. Bradford IIN' after a sta-
tistical investigation in 1939, concluded that
there was a large excess of deaths from cancer—
almost entively among process workers—at two
main siies, the lung and the nose.

in Great Britain, however, cancer of the lung
and nose was not made a preseribed disease
{i.c.,, compensable) until 19497 This occurred
after Barrett," in his annual report for 1948,

- again drew attention to the increase in these
cancers among nickel refinery workers, For the

pm iod 1923-1948, 47 cases of nasal cancer and
12 of lung cancer were reported from the Welsh
nickel refinery. The average number of years
worked before nasal and lung cancer occurred
was 23 and 23 years respectively. The official
inclusion of nickel as an industrial carcinogen
in Great Britain was clearly expressed in the list
of prescribed diseases. The disease was de-
seribed as: (1) cancer of the mucous membrane
of the nose or associated air sinuses, and (2)
primary cancer of a -bronchus or of a lung, and
the nature of the carcinogen was given as
“nickel produced by decomposition of a gase-
ous nickel compound.” »
Subscquent experience at the Welsh refinery,
hrought up to date in a serics of articles in 1938
by Morgan,® Doll,'* and Williams," confirmed
the carlier observations. Doll noted that for
the years 1948-1936 “the risk of nickel workers
(l)lng from lung cancer was approximately five
times ‘normal’” and for the same period their
risk of dying from nasal cancer was 150 times
normal. Doll noted that there was no excess
mortality apparent in workers less than 50 years
of age, and he felt that it was reasonable to
belicve that the hazard had been largely or
completely removed after 1924. No deaths from
nasal cancer have been recorded from workers

NICKEL

Journa| of
chpahonal Medicine

commencing cployment after 1924, and ljm
confirmed Doll s statement.

Morgan® reported that there were 131 cases
of lung cancer and 61 of nasal cancer among
nickel refiners for the period 1923 to 1937, A
good description of the nickel carbonyl process
is given in his article. Workers showing an in-
creased incidence of respiratory cancer were
those involved in dusty operations rather than
those exposed to nickel as a gaseous compound.
Cancer of the nose was considered far more
significant than cancer of the lung as an index
of action of the carcinogenic material. Morgan
postulated that the carcinogenic material was
present in heated caleined dusts and he stressed
the arsenic content. Arsenic-free sulfuric acid
was used after 1924, and he attached impor-
tance to this. Other precautions were also taken
at this time, however, and were probably of
more significance. These included moderniza-
tion of equipment, especially the calciners; im-
proved ventilation and dust control; and the
use of respirators in dusty areas. .

Williams™ examined histologically and chem-
ically the lungs of 5 men who had worked at
the Welsh refinery. Four of the 5 had pulmo-
nary carcinoma (3 squamous-cell and 1 alveo-
lar-ccll); the fifth worker did not. There was
evidence of long-standing inflammation in 4 of
the Jungs. All showed var ying degrees of non-
specific  diffuse interstitial ﬁ yrosis; this was
probably of infective and not industrial origin.
Nickel and copper were present in excess in the
lung tissues of the 2 cases studied, but no
arsenic could be detected. His findings on the
chemical analysis may be of interest {Table 2).
Williams found no particular diagnostic or pre-
cancerous epithelial changes. Although the
evidence was inclusive, exposure to nickel, to-

TaBLE 2. CHEAMICAL ANALYsIS oF Luxc TissvE
FroM 2 NickeL REriNErRY WORKERS WITH
Luxc Caxcer®

Lung  XNickelin  Arsenicin Copperin
ash dried lung  dried lung driedlung

(%) (ppmn) (ppm) ( ppm)

Controlst
Coalminers 1493 = <5 <0.2 31
Nonminers 14.1 <5 <02 29
Case 4 12 90 <0.2 460
Case 5 20 120 <02 2510

*From Williams.™

+Nickel controls were 25 coal miners and 25 nonminers;
arsenic and copper controls were 10 coal miners and 10
nonminers.
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zether with chronic inflammation of the lung,
were considered by him as the responsible cax-
cinogenic factors.

Loken,® in 1950, noted an increase in res-
piratory cancer among furnace workers in a
Norwegian nickel refinery in which clectrolytic
refining of nickel was carried out. He reported
3 cases of lung cancer. The 3 affected workers
had had pucumoncctomies, and bronchogenic
carcinoma was confirmed in all. In 1, other
complicating findings were noted. These in-
cluded localized fibrosis, the presence of asbes-
tos bodies, and changes typical of Boeck’s sar-
coid. This man had worked for 10 years at the
roasting furnaces and then had been away from
nickel exposure for 8 years. Despite this long
period without exposure, the amount of nickel
In Lis Tong was found to be between 1000 ppm
and 2500 ppm. This result is extremely high
and is open to question. The 2 other men were
furnace workers for 22 years. Later Lgken
reported 2 additional workers from the same
nickél refinery with lung cancer between 1950
and 1955 in a personal communication to Gold-
blatt and Goldblatt.=

Rockstroh® noted an increase in respiratory
cancers in German workers exposed to dust and
fumes from ores containing nickel, bismuth,
cobalt, and large amounts of arsenic in a nickel
refinery. The author sugdested that, on the basis
of primary irritation, dusts and vapors might be
responsible for bronchitis and bronchial carci-
noma developed later as a result of the influence
of inhaled arsenic, nickel, and cobalt.

Because of the reported increase in respira-
tory cancer among process workers in the nickel

- refinery in Great Britain, Sutherland carried

out a detailed study of mortality in workers
employed in ‘an Ontario nickel refinery. Opera-
tions began in the refinery in 1918, and the
present work force numbers about 2000 workers.
Sutherland’s study covered the period 1930 to
1957. Workers were divided into § exposure
groups as follows:

1. Furnace workers

Workers exposed to other dust, e.g., maintenance
stalf ’

Electrolytic workers :
Nonexposed workers, €.g., storeroom workers
Office workers

Mixed exposure, e.g., workers with less than 3
years in Groups 1 and 2 plus other work

Mixed exposure, e.g., workers with 3 years or
more with furnace exposure (Group 1) plus
other work v
8. Mixed exposure, e.g., workers with 3 years or

1o
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more with other dust cxposure (Crou[; 2) plus
other work

The workers were also divided into groups
based_on the duration of exposure as follows:
(1) 25 years or more, (2) 20-24 years, (3) 15-
19 years, (4) 10-14 years, and (5) 5-9 years.

Only workers with 5 or more years of ex-
posure were included in the study. In all a
total of 2355 workers were included, providing
32,342 employee years at.risk and 10,293 years
not at risk (e, retired). In these workers
there were 243 deaths from all causes between
1930-1957.

“Age-specific male death rates in Ontario for
specified causes were used to caleulate the ex-
pected numbers of death in the study group.
The results of this investigation are shown on
Table 3. In gencral, they confirm the findings
reported from Great Britain where increase in
mortality from sinus and lun g cancer was found
in dustry exposurcs.

Sinus Cancer

All deaths from sinus cancer occurred since
1946 in workers employed before 1934. Furnace
workers showed the greatest risk. Those with
3 years or more exposure had a death rate from
sinus cancer 200 -times greater than “normal”
rate (which is less than 1:100,000 in the general
population). The risk of mortality from sinus
cancer increased with the duration of furnace
exposure—at least up to the levels of 20 years
or more of exposure. The data were strongly
suggestive that exposure of cven 1 year or less
in cupola furnace operations was associated
with increased risk of sinus cancer. There was
also good evidence to indicate an Increased risk
after 3 years or more in sinter plant workers.
There was no definite evidence that employ-
ment solely about the calcining furnaces con-
tributed to sinus cancer. Workers at the anode

'TaBLE 3. MORTALITY 1¥ ONTARIO NICKEL REFINERY

WoRkERs 1930-1957

No. deaths
Cause of death Observed Ezxpected

Sinus cancer 7 ' 0.19
Pulmonary cancer 19 8.45
Cancer, all sites 54 43.19
Vascular lesions of CNS 14 . 2072
Respiratory diseases 13 16.21
Gastrointestinal diseases 9 16.07
All causes 245 308
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“furnace, in the clectrolytic plant, in nondust

exposure, and in offices showed no increased
risk. :

/ -

Lung Cancer

All deaths from hmg cancer occurred after
1946. There is good evidence of an increased
risk of mortality for men employed in furnace
operations other than the anode furnace for
25 years or more. There is suggestive evidence
of an increased risk after 3 years or more of

furnace exposure. Employment of 6 months or

more at the cupola furnace and 3 years or more
at the sinter plunt produced an increased risk
of death from lung cancer There was no real

evidence of any increase in electrolytic workers,

nondust workers, and office workers. The risk
of death from lung cancer in nickel process

~workers is about 2.23 times greater than “nor-

mal” {3.6 times for furnace workers with 3
years or more of exposure).
An additional 9 sinus cancer and 16 lung

“cancer deaths occurred in the period 1958-1965

among men employed prior to 1940. Table 4
shows the number of deaths from sinus and
lung cancer by exposure group for the period
1930-1965. As a result of the investigation by
Sutherland in 1957-1958 major changes were
made in the process to climinate those expo-
sures that were shown to offer increased risk of
respiratory cancer. Cupola furnace operations
had been eliminated previously. The sinter
plant operation was terminated in 1962. Cal-

* cining operations were drastically curtailed.

In 1965 Tatarskaya™ reported 2 cases of can-
cer of the nose and paranasal sinuses in workers
engaged in the electrolytic purification of nickel
in the USSR. During their work they were ex-
posed to dust containing nickel, cobalt, copper,
iron, and other substances. Little information is
given in the abstract with respect to the nature

Journ
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of the exposure—in particular, whether furr
exposures were involved.
Experimental Data

“The specific carcinogen responsible for
increase in sinus and lung cancer in nickel

~ finery workers is unknown and it is the sub

of continuing research. Finely divided met:
nickel was shown to be carcinogenic to
when injected into the femoral marrow cav

the pleural cavity, the nasal sinus, intran

cularly, or subcutaneously.** ** This kind of
perimental carcinogenesis is open to much q
tion ever since Schinz and Uelinger®
showed in 1941 that injection of arsenic, ¢
mium, and cobalt into the femur of rabbits ;
duced metatasizing sarcomas and an adeno
cinoma. Heath®* reported that metallic
balt injected intramuscularly produced sarce
in rats. Nothdurft*-* induced sarcomas in :
by the subcutaneous implantation of glass,
discs of plastic and various precious met
Nothdurft called these “foreign-body sarcom
and considered that they were invariably fit
sarcomas developing after a long latent per
from cells of the connective tissue walling
disc. This does not, however, explain the oc:
rence of tumors remote from the site of in
tion.*®

The factors affecting carcinogenic act
were listed by Hueper and Conway®™ as y

~tein-binding and’ chelation, clectronegati

and ionic radius, physical form, solubility,
tribution in the periodic table, and poly:
character. Payne®® noted that the highly solu
nickel compounds were rapidly excreted :
were not carcinogenic; the insoluble nickel e«
pounds, e.g.; nickel sulfide, when injected
mained at the site and produced sarcoma i
high proportion of the rats treated.
Metallurgical dust obtained from thle' flue

TabLE 4. MortTaLrry N ONTARIO NIcKEL REFINERY WoRkeRs By EXPOSURE Cnoups 1930-1965

Sinus cancer deaths

Pulmonary cancer deaths

Ezposure group Observed Ezpected Observed . Ezpected
Furnace workers 5 0.023 . 8 1.88 .
Other dust — 0.029 4 1.89
Electrolytic workers — . 0.014 1 126 °
Nondust —_ 0.011 — 1.07
Office . —_ 0.006 2 0.41
Mixed < 3 yr. in 1 & 2 + other work 2 0.035 6 2.57
Mixed = 3 yr. in 1 + other work 8 0.026 15 2.15
Mixed = 3 yr. in 2 + other work 1 0.022 1 147

ToraL 16 37

0.166 12711 .
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an Ontario nickel refinery was shown to bhe a
Tocally acting carcinogen in both rats and
mice** Sarcomas were produced in 2 straing of
rats at about 45% of the sites of g single intra-
muscalar injection, with most of the tumors
being of striated-muscle origin, The average
latent period was 6 months, and metastases oe-
curred frequcnﬂy. Mice were much less re-
spousive than rats. Gilman and Ruckerbauer?
also found that a single intramuscular injection
of cobalt oxide ;
rhabdomyosarcomas in rats but was completely
An analysis of the nickel re-
finery dust that they used is shown in Table 5.

Single intramuscular injection of nickel sul-

fide (Ni,8,), nickel oxide (NiO), cobalt sulfide

{CoS), and cobalt oxide (CoO) in rats were
shown to he careinogenic by Gilman.* Sulfides
induced a significantly higher tumor incidence
than the oxides. The bresence of sulfide secemed
to enhance the carcinogenic activity—perhaps
by alteration i solubility and/or binding power
of the metal compounds.  Nickel  sulfate
(NiSO, -6H,0), iron oxide (Fe,0,), and cop-
per oxide {CuD) were not carcinogenic in rats
onintramuscular injection, Gilman noted that
direct extrapolation between the induction of
rhabdomyosarcomas in rats and the occurrence,
of sinus and lung cancer in refinery workers is
not justifiable.

The inhalation of finely powdered metallic
nickel at a concentration of 15 mg./cum. for
6 hr. daily 5 days a week over a period of 21
months was associated witl, the production of
benign and malignant pulmonary neoplasms in
guinea pigs and pulmonary adenomatoid pro-
liferations in rats.® Sunderman and his associ-
ate exposed rats to nickel carbonyl. After 1 year

TaBLE 5. AxaLysis oF FLUE Dust rroa OxNTARIO

NickeL RerFINERy*

Substunce Per cent
Cupric oxide (Cu0) . 3.4
Nickel sulfate (NiSO,.6H,0) 20.0
Nickel stlfide (Ni,S.,) v 59.0
Nickel oxide (NiO) ) 6.3
Cobalt oxide (Co0) - _" 1.0

_ Ferric oxide (Fe,O,) 1.8
Silicon dioxide (8i0.) A 1.2
Moisture 7.3
Otherv - 2.0

*From Gilman and Ruckerbauer.®

tPb, As, AlLQO, CaQ, MgO, and Na in amounts from
>0.01 to < 0.1 “%; Bi, Ag, Te, Cr, Ay, and B in amounts
of < 0.017,
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gave a 50% incidence of local’

of exposure the rats showed extensive pulmo-
nwy changes, including “a remarkable degree

" of squamous metaplasia of the bronchial cpi-
Later they found that pulmonary

thelium.”s
Aneers were induced in ratg subjected to
heavy single exposure to nickel carbonyl as well

as to repeated sublethal exposures over a period |

of 1 year™ Their results are shown in Table 6,
The numbers involved are small, but the ay-
thors concluded thz_lt “thé inhalation of nickel

carbonyl can cause pulmonary cancer in rats.”

Hueper and Payne administered finely pow-
dered nickel intratracheally in rats and pro-
duced cancer in one-third of the animals treat-

ed. Intrap’u]monary deposition of fine nickel

powder produced sarcoma in only 1-of 34 anj-
mals exposed. In another experiment rats and
hamsters inhaled finely divided nickel powder
and sulfur dioxide together. No tumors were
produced by this combination, and thege work-
ers concluded that a purely irritative gas in-
haled with a carcinogen did not induce respira-
tory cancer,

Extensive inhalation experiments are being
conducted at the Schoo] of Hygiene in Torontq
by Fisher.* Nickel refinery dust similar to that
used by Gilman and Ruckerbauer® was used,
No real evidence of the induction of pulmonary

tumors after chronic inhalation was found in the -

animals used, including rats, mice, and pPigeons.
Pigeons were used to study the effects of in-
halation on the mucosa of air sinuses. F isher
also used other dusts as follows: a synthetic
dust (containing 34.1% NiSO,-6H,0, 68.74
Ni,S, and 7.2% NiO), iron sulfide (FeS), cobalt
sulfide (CoS), nickel sulfide ( Ni;S,), and the

TABLE 6, PuLxtoxary CANCER 1IN Rats Exposep
T0 NICKEL CarsBoxyL*

Nickel
carbonyl
concen- . No. No.
tration alive with
Rat (mg./  Duration No. at  after pulm.
group  cum.) eXrposure atart 24 mo. ca.t
" c 00 3 x wk
for 1 yr, 41 3 0
X 30 3 %X wk.
, for 1 yr, 64 5 -1
Z 60 3 X wk.
for 1 yr., 32 1 1
EP 250 Single
exposure 80 3 2

*From Sunderman e¢ al®
t+Number of rats with pulmonary cancer of those living

after 24 months, .
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_refinery flue dust to which 1% As,0, was added.

Exposure coneentrations varied; most were in

“the range of 5 to 15 mg./cum. The synthetic

dust containing nickel sulfate was found to be
the most toxic. Cobalt sulfide was not associ-
ated with the occurrence of lung tumor or
squamous metaplasia; the other dusts used were
associated with the appearance of these in some
animals. Eleven of 348 exposed rats developed
lung tumors, as did 3 of 85 controls. Sixteen of
the exposed rats showed squamous metaplasia
of the bronchial epithclium; this was also ob-
served in 1 rat in the control group. Nothing

significant was noted in the histological exam-

ination of the sinuses of the pigeons used. In
general, the chronic inhalation of nickel refinery
dust, a synthetic dust, iron sulfide, and nickel
sulfide was associated with the occurrence of
lung tumors and squamous metaplasia in rats,
but the significance of this is difficult to assess
because of the occwrrence of similar changes in
conlrol animals.

Belobragina and Saknyn'! exposed rats by -

~\

intratracheal installation and inhalation to fur-

‘nace dusts from a nickel smelting plant in the

USSR. The sinter dust, which contained about
65% nickel sulfide and nickel oxide, produced
connective-tissue nodules; electric furnace dust
containing about 95% nickel oxide produced a
diffuse pulmonary sclerosis. No tumors were

* produced.

In connection with the relationship between
pulmonary cancer and exposurc in a nickel re-
finery, the finding by Wase and his associatest?
is of interest. Using radioactive nickel, they
found that it had a high value for the complex
formation constant with lung protein in the
mouse. The reasons.or even the significance for

Journal of
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the affinity of nickel for lung protein are not
‘understood.

- Discussion

Doll,** in a review of occupational lung can-
cer, classified exposure risks as established, sus-
pected, or possible. Table 7 is adapted from his
article. He noted that the only lung cancer
prescribed as a definite occupational disease in
Great Britain is ,that which occurs in nickel
workers exposed to nickel powder formed “by
decomposition of a gaseous nickel compound.”
It was suggested by Goldblatt and Coldblatt®!
that tumor production was. associated with
nickel in some especially active or fincly divided
form characteristic of its liberation from nickel
carbonyl. They went on to say, “This is not an
indictment of nickel in general as a carcinogen
for there is no cvidence that it is active in this
way in its usual uses and applications.” Finely
divided nickel is known to have special proper-
ties that the metal does not have.

Hueper and Conway** noted that the smelt-
ing and refining of nickel presented a recog-
nized risk in producing respiratory cancer in
workers engaged in these operations. They
noted further, however, that there is a suspected
risk in nickel ore mining; shipping, loading, and
grinding of nickel; nickel carbonyl production;
production of Monel metal; production of stain-
less steels; nickel alloy production; nickel plat-
ing; - hydrogenation of vegetable oils; coin
makers—in fact any operation in which nickel
is used. These authors also listed the nonoccu-
pational use of nickel-containing kitchen uten-
sils and tableware as suspected risks. I find
absolutely no evidence or basis for this concern.
There is no evidence of any increasc in respira-

TasLe 7. OccuratioNaL Resrmatonry CANCER*

Risk category Erpoxure group Degree of risk

Suspected carcinogen

Established Schneeberg miners
Nickel refinery workers

Chromium refiners

Lung 10 X normal-
Lung 5 X normal
Nose 150 X normal
Lung 3%-30 X normal

Radioactivity; radon
Calcined dust containing nickel

Acid-soluble, water-insoluble
trivalent chromium compoun

. Asbestos workers Lung Asbestos dust :
Gas production workers * Lung 15 X normal Coal tar
Suspected Miners and metal refiners Lung 10 X normal - _Arsenic
Iron and steel workers Lung Iron dust & fumes .
Possible Chemical plant operators Nose & lung Isopropyl alcohol intermediate
. * Lung Beryllium

Copper mining and copper
smelting

Lung up to 10 X normal

Copper dust?

*Adapted from Doll, R.®
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tory cancer among Ontario nickel miners, Simi-
lacly, it may be significant to note that no in-
erease in respiratory cancer has become appar-

have been processing the nickel oré to nickel
matte since the turn of the century. Further
studies on this ¢xXposure group are continuing,
The increase in respiratory cancer noted in the
reported literature has been only in nickel re.
fners exposed to furnace dusts and fumes con-
taining nickel, ,

There is perhaps some analogy between the
increase in respiratory cancers noted for chro-
mium refinery workers and that for nickel re-
: finery workers. In both cases, there is no evi-
i dence that the metal or its compounds used in

commerce have been associated with any in-
creased risk, F urthermore, there s no evidence
; that residucs of nickol associated with its use ag
! - a hydrogenation catalyst or in cooking utensils
have any health significance. They certainly do
not present any carcinogenic risk.
The cxperimental evidence reviewed earlier
demonstrates that insoluble nickel compounds
are carcinogenic when administered by injec-
tion to experimental animals.  Inhalation of
nickel and its compounds in animals has not
ylelded significant results. The epidemiological
evidence from studies of workers engaged in
i nickel refining points to an association between
‘ the inhalation of freshly heated insoluble dust
and/or fume and inereased risk of respiratory-
tract cancer.

Innickel refining most of the data show an
-Association between furnace operations and in-
ereased risk. F urthermore, duration of exposure
is significant and this may be evidence of a
t.  dose-responsc relationship,

containing dust and fume in nickel refining op-
erations are important. The concentration of
nickel in air that is. believed to present an in-
creased risk of respiratory-tract cancer in nickel
refinery workers is not known. Much depends
on the nature of the actual carcinogen itself,
A threshold:limit value of 1 mg. /cu.m. fornicke]
and insoluble compounds of nickel has been
published.’ 1 my opinion, this threshold-limit

studies are indicated. Improvements in equip-

oo esulted in climination of the risk of nasal can-
cer in workers entering employment after 1924,
In Ontario, respiratory cancer has been reported

TR e el e e —~
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cat in the huge Sudbury smelter complexes that-

- for his very helpful

In this regard the air concentrations of nickel- . .

“ent and dust control measures in Great Britain -
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in workers entering employment fron 1918 to
1944, During this period conditions werc very
dusty, particularly during the war years. As
previously indicated, process changes designed
to eliminate exposures associated with increased
risk were instituted,
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STATISTICS ON AGING

Older people have been increasing in proportion to the rest of the population
for over 100 years. Since 1950, the percentage of age 65 and over has risen from
8.1 to 9.3%. From now on the increase will be much slower because of the in-
creased birth rate. Women outnumber men at all age brackets, but the dispro-
portion is greater in old age. There are now 129 women for every 100 men at
ages 65 and up. Twenty years from now the odds may be as high as 143 to 100.

J Indiana Med Ass 59:256, Mar. 1966.
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Nickel Toxicity in the Young Bovine'

GLEN D. O'DELL;? W, .J. MILLER,> W. A. KING,?
S. L. MOORE* anp D. M. BLACKMON ¢

Department of Dairy Science, Clemson University, Clemson, South
Carolina 29631, and Dairy Science Department, University of
Georgia, Athens, Georgia 30601

ABSTRACT Twenty-three male dairy calves were fed a) 0, b) 62.5, ¢) 250,
or d) 1000 ppm clemental nickel (Ni) as NiCO; in the total diet from 13 to 21
weeks of age. Three animals on each treatment were subjected to digestion and
balance trials and killed for tissue histological comparisons, and a like number
(two for 62.5 ppm) were fed the basal ration in a 6-week posttreatment recovery
period. Feed intake and growth rate were slightly retarded by 250 ppm Ni. Even
though the calves fed 1000 ppm Ni had greatly reduced feed intake and lost
weight during the 8:week treatment period, they were not emaciated and ap-
peared to be younger than the others. During the posttreatment recovery period,
growth rate of those which had been given 1000 ppm Ni was at least equal to
that of the others. Digestibility coefficients were not affected by the Ni treatments
but nitrogen retention was significantly lowered by 1000 ppm Ni and was asso-
ciated with reduced feed intake. On a molar percentage basis, propionate was
increased and butyrate decreased in rumen fluid from animals on the higher
levels of nickel supplementation. Relative to body weight, the fresh weight of
lung, heart, spleen, liver, gall bladder, kidney, brain, and testis was unaffected
by treatinents. Nickel did not affect ruminal, abomasal, duodenal, liver and tes-
ticular tissues histologically. Kidneys were nephritic, and the degree of severity
increased with nickel level. J. Nutr. 100: 1447-1454, 1970,

In spite of repeated in vitro demonstra-
tions of enzyme activation properties an
essential biological role for nickel has not
been established in plants or animals
(1~5). Nickel is present in ribonucleic
aids from various biological sources (6,
7: and may have carcinogenic properties
{3, 9). Nickel toxicity occurs to varying
G grees in both plants and animals. Nickel
I plant tissues may be toxic at 40 to 60
I'm (10). Normally insoluble nickel com-
I' ‘mds become soluble in soil of low PH,
W:ich  causes nickel to accumulate in
Plnts (11), but adding lime to nickel-
Ueated soil counteracts the toxic effect
ou plant growth (12).

Nickel, as acetate or sulfate, at 700 PpPm
or above significantly depressed chick
growth to 4 weeks of age and decreased
Metabolizable energy and nitrogen reten-
ion (13). With female mice, 1100 and
1600 ppm Ni as acetate in the diet reduced
growth (14).

1. Nurmimion, 100: 1447-1454.

Intraperitoneally injected *Ni was de-
tected in numerous mouse tissues, but for
lung and brain it apparently was rapidly
excreted (15). Intravenous injcctions of
®Ni into rats resulted in wide tissue dis-
tribution but only the kidney contained
significant amounts of *“Ni 72 hours later

16).
¢ A) literature survey has revealed only
one reference to nickel supplementation of
ruminant rations (17). Archibald fed 145
mg of elemental nickel daily as nickelous
chloride to lactating dairy cows without
obvious harmful effects (17). This level
of nickel was below that at which toxicity
symptoms were later shown in non-

Received for publication July 10, 1970.

1 Technical contribution no. 871, _South Carolina
Agricultural Experiment Station; published by permis-
sion of the Director. University of Georgia, College of
Agricultural Experiment Stations, Journal paper no.
828, College Station, Athens.

* Department of Dairy Science, Clemson University.

3 Dairy Science Department, The University of Geor-

ia.
£ 4 School of Veterinary Medicine, The University of
Georgia,
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ruminants (13, 14, 18, 19). Thus, this
study was initiated to evaluate the effects
of high nickel levels on growth, feed utili-
zation and tissue aberrations,

EXPERIMENTAL PROCEDURE

Twenty Holstein and three Brown Swiss
male calves born during a 5-month period,
were sequentially assigned, prepartum, to
one of four treatment groups. The calves
were fed a limited amount of milk to 7
to 8 weeks of age and grain and hay from
4 to 12 weeks of age at which time they
were drenched for - parasites with thio-
bendazole. At the beginning of week 13
the calves were fed the experimental basal
diet during a l-weck preliminary period.
At the end of the preliminary period, each
animal received one of four dietary treat-
ments consisting of the basal diet plus
elemental nickel supplementation of 0,
62.5, 250 or 1000 ppm as nickelous car-
bonate (NiCO.) for 8 weeks. The animals
were fed ad libitum twice daily with re-
fusals weighed daily. The basal diet, on a
percentage basis, consisted of the follow-
ing: ground yellow corn, 42.1; oats, 18.9;
sovbean oil meal, 13.2; alfalfa leaf meal,
2.6; cottonseed hulls, 21.0; defluorinated
rock phosphate, 1.1; trace mineralized salt,
1.1; and vitamin (A and D) supplement.
Trace mineralized salt was guarantced to
contain between 96.7 and 98.9% NaCl
and not less than the following: (in % )
Mn (manganous oxide), 0.200; Fe (ferrous
carbonate), 0.160; Cu (copper oxide),
0.033; Co (cobalt oxide), 0.010; I (cal-
cium iodate), 0.007; Zn (zinc oxide),
0.005. The vitamin supplement contained,
per gram, 10,000 USP units vitamin A as
palmitate in gelatin and 2,500 IU units
of vitamin D as activated animal sterol
and an unspecified amount of calcium
carbonate and soybean meal rough as
carrier. On a percentage basis, the analysis
of this diet as fed was: crude protein, 15.4;
ether extract, 1.4; acid detergent fiber,
15.6; ash, 5.0; NFE, 50.0; Ca, 0.5 and P,
0.6; and 0.9 ppm Ni.

The group average weights at the begin-
ning of the preliminary period were 104,
105, 104, and 105 kg for the subsequent
0, 62.5, 250 and 1000 ppm nickel treat-
ments, respectively. Body weights were ob-
tained prior to and following the prelimi-

nary period, and at 2-week intervalg
thereafter. Careful clinical examinationg
were made by an attending veterinarian
at least twice each weck.

The first 12 animals (3 per treatment)
completing the 8-week treatment pericd
(from 13 to 21 wceks of age) were place }
in collection crates for digestion and b:i.
ance studies using a 5-day preliminary a
a 5-day collection period. At this time a
before the diets were changed these
animals were killed for histological sti .
ics. At the end of the 8-week treatme
period the remaining animals were ; .

PR Dy
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“turned to the basal diet for a 6-week

covery period. When the animals we
killed, sections of the liver, kidney a;
testis as well as rumen, abomasum ai-
duodenum were studied histologically.

Volatile fatty acids of rumen fluid wece
determined on samples collected when ti.e
animals were killed, using a gas chromato-
graph * equipped with a hydrogen flane
ionization detector. The samples were acidi-
fied to pH 2 with 3.5% sulfuric acid and
injected into a 1.5-m column containing
20% necopenthylglycolsuccinate and 2%
phosphoric acid. i

Data obtained from these cxperiments
were subjected to an analysis of variance
and standard errors were calculated from
the pooled error mean square (20).

™

po-

RESULTS AND DISCUSSION

Calves fed the 62.5 ppm Ni diet ate about
the same amount of feed and gained at
the same rate as controls (table 1). Feed
consumption and weight gains were re-
duced by 13 and 11%, respectively, by the
250 ppm Ni diet, the effects being signifi-
cant at thc 20% probability level. The
1000 ppm Ni dict drastically reduced feed
intake (P < 0.001) and resulted in weight
losses by every animal during the 8-week
treatment period. Animals receiving the
1000 ppm Ni diet exhibited an immediate
aversion for it and no adaptation with
time. Failure to maintain their weight did
not result in severe emaciation of those
fed 1000 ppm Ni but the animals appeared
to stop growing (fig. 1). Outwardly the
calves appeared normal in every respect
and were judged to be younger animals

$ Aerograph Hy-Fi Model 600-D, Varian Aerograph,
Walnut Creck, Calif.
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1 ' TABLE 1

Average weig{zt, daily feed consumption and daily live weight gains of young dairy bulls
fed nickel-supplemented diets for 8 weeks and during a 6-week recovery
period when the basal diet was fed

. e i

§
.{ Level of nickel supplementation, ppm
1
/] 62.5 250 1000 sE
]
Treatment period d - ¢
Initial weight 113 110 114 111
Feed consumption . . 5,588 5.34» 4.87 1.41% 0.34
Rate of gain 1.33 1.35 1.18 ~—0.16® 0.10
Posttreatment period ¢ .
- Initial weight 186 165 176 99
Feed consumption 7.81¢8 6.504 6.304 4.674 0.55
Feed intake/100 kg avg wt 3.41 3.17 2.94 3.29
Rate of gain ) 1.47¢ 1.37 1.39¢ - 1.51e 0.24
1 Standard error of a treatment mean calculated from pooled error mean square in analysis of
varianc
aLPSix ;m'mals per treatment (five on 62.5 m), :
3 Within each measurement, those values not followed by the same letter are significantly different
at the 0.1% probability level,

< Three animals per treatment (two on 62.5'ppm .
’ $ Within ecach measurement those values not followed by the same letter are significantly different’
at the 5% probability level.

by impartial observers who were highly given 1000 ppm Ni (table 2). Expressed
familiar with normal calves of these types. as a percentage of the body weight when
The general appearance of these animals  killed, the heart, kidney, and brain were
suggests the possibility of a relationship larger in those fed 1000 ppm Ni while .
g‘een nitheI: aéldt growth’}iognémcs. - ll;;lg, ilplte)en(,i and testis were not greatly
_The grow ata are plotted against affecte y dietary treatment. In relative
:;:gkel levels in figure 2. Interpolation from weight, liver and gall bladder were smaller
he graph indicates tl'mt 300 ppm Nl_ m ﬂ_le in the 1000 ppm Ni animals (table 2).
diet would ha\_/c given a reduction in Except for kidney, nickel appeared to
gfyowlth rlmé which b\ivas significant at t}t‘_e exert little effect on any tissues histopatho-
m':tegvvc:'i.th (;n;f;giil f’év:}‘frgfgéqég war; U logically, and even in the kidney many of
‘Dun'ng the 6-week recovery pefir()) d : the .the observed aberrations were also found
animals that had received 1000 ppm Ni n ]t(he _contro%s (table 3). A? t!w.lc'\';‘l .Of
ate less total feed (P < 0.05) than controls Mickel increased, one or moxc-' .lmm‘.n s"m
Ut this effect is attributed to their smaller €ach group were found to have more kid-
siz as feed intake per unit of size was D€y dam.age. The condition appcared. to be
N0i fower (table 1). The growth suppres- Progressively more scvere and culminated
sic - of the 1000 ppm Ni diet disappeared in pyelonephritis. Rumen, abomasum, and
Wh | the animals were fed the basal diet duodenum tissues were relatively unaf-
duy 18 the recovery period (table 1). fected by nickel- treatment even though
Ve eating pattern of those fed the dif- nickel has been reported to be astringent
€ .t nickel levels was vastly different. and to have muco-hemorrhagic properties

- an

_Ani als fed 250 ppm Ni ate small quanti-

8 hroughout the 24-hour day. Those fed
2 100 ppm Ni diet ate smail quantities
jmlm‘/di:«xtely following the morning or
Veriing feeding and ate only infrequently
O not at all at other times.

, The fresh weight of organs removed at

e of slaughter did not differ greatly for
Nimals fed 0, 62.5, or 250 ppm Ni but
With the exception aof heart, kidney, and
brain were significantly lower for those

(21). Since nickel had slight or no effect
on the gastrointestinal tract, the reduced
feed intake of those fed 1000 ppm Ni must
be cxplained on another basis. A linear
depression in feed intake has been shown
with increasing nickel levels in a palat-
ability study (22). However, since the
calves receiving the 1000 ppm Ni diet ap-
pearced younger rather than severely ema-
ciated as would have been expected on the
basis of reduced feed intake only, it seems
¥
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' TABLE 1 a
Average weight, daily feed consumption and daily live weight gains of young dairy bulls

fed nickel-supplemented dicts for 8 weeks and during a 6-week recovery v
period when the basal dict was fed :

Level of nickel supplementation, ppm

b
(/] 62.5 250 . 1000 ¥ . 5
kg ’ )
Treatment period * ) ’
Initial weight 113 110 114 111
Feed consumption 5.58+ 5.34* 4.87 141® 0.34
;: Rate of gain 1.33* © 1.35* 1.18 —0.16° 0.10
£ Posttreatment period ¢ . .
. Initial weight 186 165 176 99 :
Feed consumption 7.81c# 6.50¢ 6.30<4 4.672 0.55
Feed intake/100 kg avg wt 341 3.17 2.94 3.29
Rate of gain 1.47¢ 1.37 1.39¢ 1.51¢ 0.24
§ 1 Standard error of a trcatment mean calculated froma pooled error mean square in analysis of
variance, - .

3 §ix animals per treatment (five on 62.5 ppm). . -
8 Within each measurement, those values not followed by the same letter are significantly different
at the 0.15 probability level.
4 Three animals per treatment (two on 62.5 ppm). : '
8 Within each mcasurement those values not followed h).r the same letter are significantly different

at the 5% probability level.

by impartial observers who were highly
familiar with normal calves of these types.
The general appearance of these animals
suggests the possibility of a relationship
between nickel and growth hormones.

The growth data arc plotted against
nickel levels in figure 2. Interpolation from
the graph indicates that 300 ppm Ni in the
diet would have given a reduction in
growth rate which was significant at the
5% level. Comparably, zero gain was esti-
mated with a nickel level of 900 ppm.

During the 6-week recovery period, the
animals that had received 1000 ppm Ni
ale less total feed (P < 0.05) than controls
b 1t this effect is attributed to their smaller
size as feed intake per unit of size was

-t Jower (table 1). The growth suppres-
si#n of the 1000 ppm Ni diet disappeared

vhen the animals were fed the basal dict
¢ ring the recovery period (table 1).

The eating pattern of those fed the dif-
fc ent nickel levels was vastly different.
Aviimals fed 250 ppmm Ni ate small quanti-
ti. 5 throughout the 24-hour day. Those fed
a 1000 ppm Ni diet ate small quantities
inimediately following the morning or
evening feeding and ate only infrequently
or not at all at other times.

The fresh weight of organs removed at
time of slaughter did not differ greatly for
animals fed 0, 62.5, or 250 ppm Ni but
with the exception of heart, kidney, and

rain were significantly lower for those

given 1000 ppm Ni (table 2). Expressed
as a percentage of the body weight when
killed, the heart, kidney, and brain. were
larger in those fed 1000 ppm Ni while
lung, splcen, and testis were not greatly
affected by dictary treatment. In relative
weight, liver and gall bladder were smaller
in the 1000 ppm Ni animals (table 2).
Except for kidney, nickel appeared to
exert little effect on any tissucs histopatho-
logically, and even in the kidney many of
the obscrved aberrations were also found
in the cortrols {table 3). As the level of
nickel increased, one or more animils in

.each group were found to have wmore kid-

ney damage. The condition appeared to be
progressively more severe and culminated
in pyelonephritis. Rumen, abomasum, and
duodenum tissues were relatively unaf-
fected by nickel treatment even though
nickel has been rcported to be astringent
and to have muco-hemorrhagic propertics
(21). Since nickel had slight or no effect
on the gastrointestinal tract, the reduced
feed intake of those fed 1000 ppm Ni must
be explained on another basis; A linear
depression in feed intake has been shown
with increasing nickel levels in a palat-
ability study (22). However, since the
calves receiving the 1000 ppm Ni diet ap-
peared younger rather than severely ema-
ciated as would have been expected on the
basis of reduced feed intake only, it seems



f

’

1450 O'DELL, MILLER, KING, MOORE AND BLACKMON

te Lv—-”u.r,.._

BT Y S
WL s Mo adibada ] W A, Kuin . dk St

A
o

R g S

.

.y ¥l
= ;
o g' .
A -

]
i bs b

-
l‘hﬂi
gy’

Liux

i 1

i
¥

\

3 N Y
e et

il e L T L w
.. W PADR R o s R

Fig. 1 At the top, 12-weck-old male calves are shown at beginning of nickel treatment. From left

to right: calf 48 (1000 ppm), calf 27 (62.5 ppm

), and calf 14 (0 ppm). Liveweights were 110, 117

and 102 kg, respectively. Calf 48 (on left) and 27 are shown in the middle picture and calf 48 (on
left) and 14 are shown at the bottom after 8 weeks of treatment. Live weight and average daily gain
at end of treatments were 96 and — 0.25, 188 and 1.27, and 175 and 1.30 kg, respectively, for calf 48,

27, and 14.

highly probable that a key mechanism in
addition to reduced palatability is involved.

Data of digestion and balance trials con-
ducted with three animals on each dietary

treatment are presented in table 4. Ap-

parent digestibility coeflicients for dry mat-

ter, nitrogen, nitrogen-free extract and
gross energy were not affected by any level
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Fig. 2 Average daily rate of gain by male

calves fed nickel at levels of 0, 62.5, 250 or 1000

ppm of total ration and estimation of nickel level
that would result in statistically significant re-
ductions in rate of gain or maintenance of initial
weight (no gain). se of a treatmment mean was
+ 0.10 kg with six animals per treatment (5 on
62.5 ppm).

of mnickel supplementation. Nitrogen re-
tention by calves fed 1000 ppm Ni was
less than onc-fourth that of the other three
groups (P < 0.05) and reflects the reduced
feed intake by this group. Both calcium
and phosphorous retention were essentially
equal for those fed 0, 62.5, and 250 ppm
Ni but greatly reduced for the 1000 ppm
group, probably reflecting the reduced feed
intake of the higher nickel level. Expressed
as a percentage of ingested calcium and
phosphorus not recovered in feces, 58, 64,
61 and 60% of calcium and 66, 79, 76,
and 87% of phosphorus was retained by
the 0, 62.5, 250, and 1000 ppm nickel
treatment groups, respectively.

The small positive nitrogen, calcium
and phosphorus balances of the group fed

TABLE 2
Effect of nickelous carbonate on fresh weight of ruminant organs

Level of nickel supplementation, ppm

Organ SE
0 62.5 250 1000

Lung 22562 (1,13)3% 2145* (1.05) ¢ 2233+ (1.19) 1025 (1.01) 215
Heart 970* (0.49) 928* (0.46) 917+ (0.49) 696* (0.69) 68
Spleen 5062 (0.25) 4560 (0.22) 445 (0.24) 207% (0.20) 32
Liver 3378= (1.70) 3421* (1.68) 3123* (1.66) 1305 (1.28) 218
Gallbladder 162* (0.08) 12621 (0.06) 1372 (0.07) 38k (0.041) 20
Kidney 651* (0.33) 5592 (0.27) 6142 (0.33) 506 (0.50) 60
Testis 1362 (0.07) 157 (0.08) 1562 (0.08) 80* (0.08) 13
Brain 382 (0.19) 345 (0.17) 366* (0.19) 319 (0.31) 14

1 Standard error of a mean gross weight calculated from pooled error mean square in an analysis

of variance, three animals per treatment.

2 Within each measurement, those values not followed by the same Ictter are significantly different

at the 19 probability level.

3 Values in brackets are weights of organs as a percentage of body welght at time of killing, !
< Any value followed by the superscript ¢ is significantly larger than values at 1000 ppm Ni at the
5% probability level, all other differences are significant at the 1% prubability Jevel,

TABLE 3
Effect of nichelous carbonate on histopathological changes in selected tissues

Tissoe

Nickel suppl. Animal -
in ppm no. Rumen Abomasum Duodenmm  Liver Kidncey Testis

0 1 N * N 2 N 5 N
2 1 1 N : 6,7 N
3 N 2 N ]g 5 g

2.5 1 N N N 5
628 2 N N 8 N 6,9 N
3 N N N N 6,7 N
250 1 N N N N 58,9 N
2 N N N N 5,10 N
3 N N N N 3 N

N N N A
1000 ; N N N 11 12 N
3 1 1 N 3 ’ N

* Explanation of code: N, Normal;
duct epithelium; 4, focal microscople

1, cellular infiltration; 2, gastroenteritis; 3, proliferation of bile
abscesses; 5, glomeruli interstitial nephritis; -6, dilation of col-

lecting tubules; 7, cellular infiltration of interstitial and glomeruli tissues; B, lymphocytic infiltration

with congestion; 9, )
hematopoiesis; 12; pyclonephritis.

congestion of medulla; 10; hyaline cast in collecting tubules; 11, extramedullary
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TABLE 4
Effect of nickelous carbonate on digestibility and retention of some dietary nutrients

1452 O'DELL, MILLER, KING, MOORE AND BLACKMON

Level of nickel supplementation, ppm

Measurement sE1
o 62.5 250 1000

Apparent digestibility coefficient, %
Dry matter 65.0 66.3 61.6 63.1 2.42
Nitrogen 66.7 69.5 67.8 73.0 2.79
NFE 80.6 80.3 78.6 80.9 '3.06
Energy 64.4 65.0 - 59.3 62.0 2.43
Calcium ? 58.2 64.2 Gl1.4 60.4
Phosphorus 2 66.4 78.5 75.6 874

Daily retention, g
Nitrogen 52.5 45.1 50.1 1193 8.45
Calcium 15.3 16.9 16.4 3.3 . 7.32
Phosphorus 172 174 11.1 1.4 4.60
1 Standard error of a treatment muean calculated from pooled error mean square in an analysis of

variance, three animals per treatinent.

2 These values nccess: mli tnclude hoth unabsorbed and reexcreted calcium and phosphorus but are

indicative of the total meta

rolle status of these minerals.

3 Significantly different from other treatments at P < 0.05. No other differences for any of the

measures in this table were slgnificant at the 5%

level of probability.

TABLE §
Effect of nickelous carbonate on rumen volatile fatty acids

Level of nickel supplementation, ppm

Mcasurement sE 1

1] 62.5 250 1000
molar G

Acetate 5783 57.9 53.0 57.2 4.40

Propionate 29.9 25.8 37.9 35.1 4.95

iso-Butyrate 1.1 1.1 0.6 1.0 0.55

- Butyrate 7.2 9.5 5.7 4.3 1.79

iso-Valerate 1.7 2.7 1.0 0.3 0.73

Valerate . 1.9 2.7 1.6 1.7 0.83

f Caproate / 0.5 0.3 0.2 04 - 024
i pH 6.4 6.4 6.3 6.2
Total mmole/liter 133.5 149.3 146.0 1154

1 Standard error of a mean calculated from pooled error mean lquarc in an analysis of variance,

three animals per treatment.

% Within each measurement, none of the values in this table wcre signlﬁcantly different at the 5%

level of probability.

1000 ppm Ni were not significantly dif-

ferent (5% probability level). from zero
(table 4). Considered relative to the small
weight loss (table 1) (also not significantly
different from zero at 5% probability level),
it appears that the calves may have been
depositing limited amounts of proteinace-
ous and bony tissue which, weight-wise,
was more than offset by loss of fat and
other nonnitrogenous material. Since the
animals were at an age when rapid growth
of structural tissues is normal, such dif-
ferential growth is not unexpected and
because of the very limited amount of such
growth would not greatly affect gross
appearance.

Rumination of all animals was low with
regurgitation infrequent. However, regurgi-

tation appeared to be least frequent in
animals fed the highest nickel level. This
probably is due to the relatively fine parti-
cle size of the basal diet and by the greatly
reduced feed intake of those fed 1000
ppm Ni. Reduction in rumination results
in decreased salivary flow (23) which will
affect rumen pH. Rumen protozoa are pH
sensitive (24) and numbers of viable bac-
teria are higher in defaunated animals
(25). A shift in the molar percentage of
volatile fatty acids (VFA) in the rumen
results from a combination of these factors
(26). Data on rumen fluid VFA concen-
trations are shown in table 5. All animals
had depressed acetate and butyrate and
increased propionate when compared to
normal values (26). The increase in pro-
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and Composition of Milk '

Abstract

Three concentrations of nickel earhonate
were fed to 3 wroups of 5 lactating dairy
eows each. Nickel carbonate was mixed
in the eoncentrate ration at 0, 50 and
250 ppm of elemental nickel and con-
centrate fed at a rutio of lkg per 3kg
of milk produced.  Averaze daily eon-
sumption of supplemental nickel per eow
was 0, 365 and 1,535mg, respectively. No
sighiticunt effect on milk production, mitk
composition, amimal health or feed con-
sumption was observed. Within the deteet-
ahle limits of the analytieal procedure,
feeding nickel -did not inerease nickel in
milk and never execeded that in plant
proeessed milk.- None of the milk samples
from cows fed 250 ppm nickel contained
as much as 0.1 ppwm nickel, which was
the Tower velinbility limit of the procedure.
Less than 0.2, of the supplemental
nickel appeared in the milk.

Introduction

Knowledge relating to milk content of sub-
Stances whieh are toxie or potentially toxic
8 highly desirable. Also a nuch better under-
standing of the principles which regulate the
transfer of many trace substauces from feed into
wilk is needed. Nickel is toxie at 40 to 60
Ppm for plants (4,5), 700 ppm as the acetate
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or sulfate for ehicks (13}, 1,100 ppm as the
acetate for mice (14), but rats tolerated up
to 1,000 ppm as the carbonate or the metal
without apparent toxicity (9,10). Génerally
plants contain less nickel (4,11), usunally 0 to
H ppm but often wauy times more (4). The

- normal nickel content in milk has not been

estahlished but conflicting reports have been
published (2). Avclibald (1) fed 145mg of
elemental nickel daily as nickelous chloride to
lnctating dairy cows and failed to deteet an
inerease of nickel in nilk,

The objectives of this study were to aseertain
the effect on animal performance and on nickel,
fat, protein, and solids-not-fat of milk when
lactating cows were fed nickel in amounts
lower than those at which toxieity symptoms
have been observed with monogastrie animals
(13,14) but greatly excceding amounts used
i a lactation experiment (1),

Experimental Procedures

Filteen nmmMiparous, laclating dairy cows
with daily production between 16.5 and 30.0kg
were approximately equalized into groups of
3 on age, weight, milk produetion and stage of
lactation. These were randomly allotted to each
of 3 treatments. Nieckelous earbonate (NiCOj)
was added to the coneentrate to provide 0, 50,
and 2350 ppm of nickel on an as-fed basis. Nickel
earbonate is relatively insoluble in water but
was determined to be readily soluble in rumen
{luid.

One kilogram of concentrate was fed for
each 3kg of milk produced and any concen-
trate not consumed after approximately 1
hour was weighed. The concentrate consisted
of “soybean meal, 25.0¢; oats, 20.09%; shelled
corn, 52.5%; defluorinated ecaleium phosphate,
1.5%; and trace mineralized salt, 1.09%. The
trace mineralized salt was guaranteed to con-
tain not less than: 0.2289, Mn as manganous
oxide, 0.160¢ Fe as ferrous earbonate, 0.033%
Cu as copper oxide, 0.010% Co as cobalt oxide,
0.007% 1 as ealeium jodate, 0.0059, Zn as zine
oxide; 97.8 to 98.89, NaCl and technical white
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mineral oil and iron oxide of unspecified
amounts. All animals were fed corn silage ad
libitum as onme herd. On a dry matter basis,
the concentrate contained 7.9¢ ash, 23.3¢;,
crude protein, 7.4¢; acid-detergent fiber, 31%
ether extract, 0.78¢, ecalcium and 0.99¢ phos-
phorus. Corn silage, on a dry matter basis,
analyzed 6.4¢; ash, 8.69, crude protein, 32.39,

acid-detergent fiber, 2.09, ether extract, 0.24¢;,

caleium and 0179 phosphorus.

Every ecow was examined and observed at
least twice per week by an experienced veteri-
nary clinician for indieations of any abnor-
malities. Milk weights were recorded daily,
and a 24-hour sample was taken from each
animal at the end of a l-week preliminary, at
2-weck intervals for 6 weeks during treatment,
and at the end of l-week post-treatment. Pre-
cautions were taken to prevent the milk from
contacting any metal. The interior of the
wilk claw, the milk cock and underside of the
milk pail .cover were coated with an aerylie
resin. After the walls of the pail had been
moistened with water, a .008cm polyethylene
bag was inserted and the top folded around
the pail opening and held in plice. by rubber
restraints, The pail, with liner in place, was
then slowly filled with water. This procedure
forced trapped air to the top of the liner
where it was evacuated by releasing the rubber
restraints, With the trapped air evacuated,
the polyethylene liner strongly adhered to the
moistened side of the milk pail resisting being

~drawn by vacuum to the top of the pail. Sam-

ples of milk were removed from the pail by a
“plastic” cup and were stored frozen in 1-liter
polyethylene bottles.

Fifty milliliter samples, in duplicate, from
each cow during hoth the pretreatment period
and at the end of 6 weecks' treatment were
transferred to 125l Erlenmeyer flasks. Smn-
ples were dried in & vacuum oven and wet ashed

_with a sulfurie-perchlorie-nitrie {1:3:10) acid

mixture. Reagent hlanks containing the same
quantity of acid mixture were prepared identi-
cally in duplieate and treated the sume as the
samples. The pI of the samples was adjusted
to approximately 2.5 (meta evesol purple indi-
cator, pl range 1.2-2.8) hy putting them
in a desiceator containing a small amount of
NXH,OH. The XH; evolved from the NI, on
was absorbed by the acidified milk samples.
When the samples reaclied the end point, they
were transferred to Babeock milk test bottles.
The nickel in the oviginal 50! of wilk was
complexed into a Sl organie phase which was
raised into the neek of the Babeoek bottle

Jovuxar oF DAY ScIRNCE VoL. 53, No. 11

with glass-distilled, deionized water. A8pirati0n
was directly from this organie phase int, a
atomic absorption spectrophotoweterd with ,
standard (10cin slot) burner head. A Scale
factor of 1 and slit width of 0.3mm were useq
Range was the ultraviolet wavelength 2,3, A
A hollow cathode nickel lamp was used “‘itl;
lamp current at 25mamps, A stable flam. Wag
obtained with air flow at 6.0 and acet: Joyq
flow at 0.32kg/em2

Milk was analyzed for fat by the methc.] op
Babcock (3), for protein by dye binding .

cedure (12), and for - solids-not-fat by the'

Mojonnier method (7).

.Results and Discussion .

No abnormality was observed in any coy
during the experiment. In Table 1 the animg}
performance data for the 3 treatments are
presented, C(meont_rate consumption was cony.
parable for each of the 3 treatment groups ingj.
cating no effect of mickel. Likewise, milk Pro-
duction, milk fat, solids-not-fat, and Proteiy
were unaffected by the treatinents. Average
daily milk production during the treatments
with 0, 50 and 250 ppm groups, were 03, 93
and 97¢ of produetion during the 1 week
period hefore nickel supplementation, After
adjustiment by covariance for differences be.
tween animals within a group during the pre.
treatment standardization period, average milk
fat tests were 0.20, 0.30 and 0.119 higher
for the 0, 50, and 250 ppn nickel groups during
the treatments. Daily intakes of supplemental
nickel up to 1.8 exerted no statistically signifi.
cant influence on concentrate intake, milk pro.
duction, or milk composition. In earlier work
nickel concentrations of 2 and 4 times that in
this study rendered the feed much less palatable
to dairy calves (8). .

The lower limit of reliable detectability of
the nickel method was 0.1 ppm. Only 6 samples
contained as much as 0.1 ppm nickel: all of
these were eollected during pretreatment. The
milk nickel contents (Table 2) are of about
the same magnitude as reported by Archibald
(1), who concluded that the deteeted nickel re-
sulted from contamination. Mean nickel con-
tents were identical for eaeh treatment and
cqual to or less than basal values. Tt they
were due to eontwmination, in spite of rigorous
precautionary measures, it would indieate that
the measures unintentionally improved with

time and that very Tittle nickel is secreted into ;

5 Model 303, Perkin-Elmer Caorporation, Nor
wulk, Conn,
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Tapte 1. Effect of supplemental nickel in coneentrate on cow performance?

’ Supplemental nickel, ppm
0 al) 250 SEb

Concentrate fed (kg/cow per day) 7.76¢ 7.76 w76
Concentrate refused (kg/cow per day) . 045 0.46 041
Concenirate consumed (kg /cow per day) 7.31 7.30 7.35
Sapplemental nickel consumed

(mg/eowperday) L 365 1,835
Body weight change (kg/cow per day) 0.67 0.83 0.83
Milk produced :

Preliminary period (kg/cow per day) 242 238 234

Treatment period {(kg/cow per day )4 220 220 231 0.68
Fat in milk . : :

Preliminary period (<) 3.60 3.36 352

Treatment period ()% - 3.80 3.66 3.63 0.09
Protein in milk

Preliminary period (<7) 3.85 387 3.75

Treatment period {¢5)¢ ' : 3.95 3.90 385 0.05
Solids-not-fat in milk

Preliminary period (%) : 8.75 8.70 8.48

Treatment period (<5} 8.63 8.55 8.46 0.10

* Average values for 5 cows per treatment.

b Standard error of a treatment mean.

¢None of the measures in thiz table were significant at the 55, level of probability.
‘_'ﬁdjusted by covariance for differences in milk and milk components during standardization
period. :

milk by the cow. However, nickel, like ead-
mium (6), is not increased significantly in wmilk

* by feeding large supplemental amounts. During

!he last treatment weck, the average nickel
intake was- 1,792mg for eows fed 250 ppm
tickel in the concentrate. None of the samples
tonfained as much as 01 ppm, the reli-
ahility limit of the method. A concentration of
0.1 ppin would represent the transfer of 2.1mg
of nickel into the milk; thus none of the ana-

lyzed wmilk samples of this group of animals
could have contained a quantity of nickel that
would have been present had 0129 of the
supplemental nickel been secreted into the
milk.

While onr data failed to define more exactly
the nickel content of milk, they add to am

understanding of this subject. Milk from eows -

fed high nickel supplements contained no more

(< 0.1 ppm) and probably econtains less nickel

Tante 2. Nickel in milk from cows fed supplemental nickel in eoncentrate.

Nickel supplementation in concentrate

Auimal B 0 ppm 50 ppm 250 ppm
mmber Basal* . Treatment®  Basal Treatment Basal Treatment
(ppm)

1 0.03 0.03 011 0.01 0.01 " 0.05

2 0.07 0.00 0.19 0.01 0.02 0.01

3 0.00 0.04 012 0.02 0.08 0.03

4 0.15 0.03 0.09 0.02 0.00 0.00

5 015 0.02 0.20 0.05 0.00 0.00
Average 008 10.02 0.14 0.02 0.02." 70,02

8 Basal, concentrate without supplemental nickel.

b Treatment, concentrate with supplemental nickel.
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than milk processed through stainless steel
equipment in any dairy plant. Two samples
of pasteurized, homogenized milk from a vend-
ing machine were analyzed for nickel. Neither
contained as much as 0.1 ppm nickel.

Nickel in concentrate at 250 ppm greatly
exceeds the amount that a lactating cow would
consume in feeds under any conceivable normal
circumstances, Thus it is most unlikely that
nickel in the cow’s diet would add measurably
to the nickel content of milk.
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S. S. PHATAK & V. N. PATWARDHAN
Nutrition Research Laboratories, Coonoor

The toxicity of nickel was tested using albino rats and monkeys
as experimental animals and nickel c§rbonate, nickel soaps )(,»f
mixed acids of refined arachis ofl, and nickel catalyst suspended
in ofl and supported on kieselguhr as test materials. The dosage
tried was 100 mg,, 50 mg. and 25 mg. of adequate ratlon. Growth
rate and reproduction performance were not significantly affected
and no toxicity symptoms were observed in rats even .after 3 to 4
months of continuous feeding. The retention of nickel for the
3 nickel preparations was highest with nickel carbonate. Appre-
clable amounts of nickel were found In the intestines und excreted
In faeces. Adult monkeys maintained their weight and were In
perfect health after 6 months of feeding on nickel-contalning diets,

ICKEL does not, so far as is known,
play any part in human or animal

nutrition or in plant growth and no
diseases of plants or animals have
been attributed to the lack of it. Itsinterest
to the nutrition worker arises from its fre-
quent nse as the pure metal, as nickel plate,
or as a constituent of alloys in the construc-
tion of plant and vessels in food industries
and for cooking and also as a catalyst in the
hydrogenation of edible oils. B
Nickel is found in some plants and animal
organs as a trace element. Vegetables! like
lettuce, cabbage, spinach and peas contain
from 15 to 3-0 p.p.m., wheat 0-35 and

- fruits 0-15 to 025 p.p.m. In potatoes

about 0-25 p.p.m. is found. According to
Ramage? nickel occurs in a number of
spices and herbal drugs and also is present
in tea.

Some nickel is likely to be dissolved if
strongly acid food is cooked in nickel or
nickel-plated vessels but no poisoning from
such usage has been reported owing probably
to the fact that nickel salts are little absorbed
or because the quantity thus absorbed is too
small. Lehmann® found that food cooked
in nickel utensils took up from 10 to 58 p.p.m.
and he calculated that if nickel-ware was
used exclusively in the kitchen, the total
amount of nickel ingested daily would be
about 117 mg. Cox* states that a beverage
brewed in nickel contained 60 p.p.m.

According to ArnoldS, a daily dose of 80
mg. of nickel in the form of nickel pecti-
nate given to young rats, corresponding to

1-25 gn. per kilogram of body weight, did

not affect their rate of growth over.a period
of 8 weeks. Flinn and Inouye® found that
nickel was excreted to the extent of 98 to
99 per cent in faeces. On the other hand,

Kent and McCance? found in an experiment ’

on the normal men with a nickel intake of
0-3 to 0-5 mg. daily that roughly two-third

"of the nickel was excreted in the urine and

only one-third in the faeces. But their ex-
periment did not show what would be the
proportion at higher rates of intake.

According to Dzerzgowsky?, doses of 10 to

20 mg. of nickel per kilogram of body weight
causes no toxic symptoms in dogs, but 22 to
44 mg. per kilogram produces vomiting and
diarrhoea. Injection of nickel salts in
animals gives rise to toxic symptoms®. It
is stated that Offerdahal®® in 1913 took
0-5 gm. of powdered metallic nickel daily
for a month without any ill effects.

The present problem arose out of the fear
in the public mind that the use of nickel
catalyst in the hydrogenation of oils was
likely to leave small amounts of this metal
in the finished product and that ingestion
of the latter over prolonged periods might
give rise to nickel poisoning.

In refined hydrogenated oil, the amount
of nickel should be considerably less than
one part per million'22. In India over a
100 samples have been recently analysed

by Banerjee!® and the highest value found

in any sample was 04 p.p.m.
It was, however, considered worth while
to test the effect of nickel administered to

* An enquiry under the Council of Scientific & Industrial Research.
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young rats and monkeys in the form of

i nickel salts or colloidal nickel in fairly large

doses in order- to find out if toxic effects
could be elicited after continued ingestion

for prolonged periods.
- The small amount of nickel in the finished

“hydrogenated oil when present is mainly

in the form of finely divided metal, e.g.
nickel catalyst. But there may be a possi-
bility of formation of nickel soaps by inter-
action of free fatty acids with metallic nickel
if the oil has not been carefully refined before
hydrogenation. On the other hand, the
presence of nickel in the ingested hydro-
genated fat would render the possibility of
nickel salt and soap formation during the
process of digestion not altogether remote.
Therefore, experiments were undertaken to
test the effect of feeding to rats and mon-
keys nickel catalyst, nickel soaps and nickel
carbonate. :

Nickel Catalyst — This was finely divided
nickel suspended in vegetable oil and sup-
ported on kieselguhr. It was kindly supplied
by the Hindustan Vanaspali Manufacturing
Co. Lid. Bombay, on request. The nickel
content of the catalyst was determined and
found to be 19-17 per cent. Ash content was
40-86 per cent. :

Nickel Soaps — These soaps were prepared
by neutralizing with nickel carbonate the
mixed fatty acids obtained on saponification
of refined groundnut oil. The nickel content
of these soaps was determined and found to
be 10-20 per cent, calculated value being
9-7 per cent. :

Nickel Carbonate — This salt was used for
comparison with the nickel catalyst and
nickel soaps. .

The doses of nickel preparations were
adjusted at three levels, 100 mg., 50 mg. and
25 mg. of nickel per 100 gm. of basal diet.

Experiments on Rats
The composition of the diet given to rats
was as follows:
Whole wheat flour ... 58 parts
Bengal gram (without
husk) ... ... 20 parts
Skim milk powder ... 10 parts
Vegetable fat (hydro-
genated oil, m.p. 37°C.) 10 parts
Marmite ... ... 2parts
Vitamin A <o 70 1.U./rat/day*
Vitamin D ... 13 1.U./[rat/day*

®* In weekly doses.

A week’s supply of diet was prepared at
one time and stored in the refrigerator.
That nickel was evenly distributed in the
diet mixture is shown by the following
sample analysis ( TaBLE I).

TABLE 1-- NICKEL-IN DIETS

WreienT or  NicxxrL Nicker
DIET TAKEN EXPECTED  OBTAINED
FOR mg. mg.
ESTINATION
. gn.
Group 1 8-438 3-44 3-42
4-213 4-21 422
Group 1I 5-684 2-84 2-85
6-002 3-00 3-00
Group 111 6-080 1-52 1-50
8-432 2:11 - 2-12

Estimation . of Nickel — Nickel was esti-
mated in the - diets, excreta and tissues
colorimetrically using dimethylglyoximel¢ as
the reagent. In the early stages of the
investigation nickel was estimated gravi-
metrically as NiO to check the accuracy of
the colorimetric methods, Having satisfied
ourselves regarding the reliability of the
latter, no further. gravimetric estimations
were done. In estimating nickel in the
tissues, care was taken to remove completely
the interfering substances such as copper,
iron and phosphate. The colour obtained
with the unknown was read off in a photo-
electric colorimeter and results calculated by
comparison with a standard curve prepared
from solution made from pure nickel sulphate.

Feeding with Nickel Carbonate — 32 young
rats, four weeks of age, were divided into
four groups of eight each, males and females
being equally represented in each group;
one of these groups served as control.

The diets were mixed with a small quantity
of water, steamed for 15 min. and given
ad lib and so was water. Weights of the
rats were recorded every week for eight
weeks. The weekly average weights for
each group are given in Table II. :

Feeding with Nickel Soaps & Calalyst —
Groups of young rats ( eight in each group)
of the same age as in the previous experiment
were kept on the basal diet in which nickel
soaps and nickel catalyst respectively were
incorporated at levels similar to those used
in the feeding experiments with nickel
carbonate. Also a fresh control group was
kept. This experiment was conducted in
exactly the same way as the previous one.

The average growth rate for .each group
is given in Table III.
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TABLE II — GROWTH OF RATS ON NICKEL CARBONATE-CONTAINING DIETS

Grour & Nt AVERAGE WEIGHTS OF EIGHT RATS IN GM.,

CONTENT PER Wecks

100 GM. pIET P A )

] 1 2 8 4 5 [ 7 8

at 1-— 100 mg. 43-0 58 6.7 76 85 92 86 109 115
i 11— 50 mg. 44-7 64 79-0 89 06 106 111 127 133

Il — 25 mg. 430 85 79-8 92 99 109 113 129 135

Control 44-0 68 83-0 95 107 118 121 137 147

TABLE 11— GROWTH OF RATS ON NICKEL SOAP & CATALYST

Food Intake of Rats — A weighed quantity
of food was given daily to each animal ; food
left in the cage after 24 hr. was collected,
dried and weighed. No appreciable differ-
ences in food intake were observed in the
different groups. ,

Statistical analyses of the data contained
in Tables 1T and I1I showed that the observed
differences between the growth of controls
and various other groups in all the three
experiments were not significant. It can be
concluded, therefore, that ingestion of nickel
in the form of nickel carbonate, nickel soap
or nickel catalyst at the fairly high levels
tried in the experiment did not significantly
affect the growth rates of the animals. The

difference between the growth observed on .

100 mg. dose of Ni as NiCO, and in controls
appeared to be large, although the difference
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between the two groups was not statistically
significant. The entire nickel carbonate
experiment was repeated with fresh batch
of rats, and the results confirmed the find-
ings of the first experiment.

Metabolic Experiments — While the growth
experiments were in progress, some of the
animals were used for the study of nickel
balances in the 5th and 6th weeks of feeding.
The animals were placed in metabolic cages
and after a preliminary period of three days,
urine and faeces were collected over a period
of four days. In the experiment with nickel
carbonate, all the rats from each of the four
groups were thus investigated, whereas from
rats kept on.nickel soap and catalyst diets,
four rats from each group were studied.
The average figures for intake and excretions
are given in Table IV,

;
i Grour & Ni ’ AVERAGE WEIGHT PER WEEK IN GM.,
* CONTENT PER Weeks
100 oM. pIET p A -
[1} 1 2 3 4 5 [ 7 8
Nickel Soaps
p I1—100 mg. - 40-6 59-8 68-5 78-8 86:5 965 101-0 100-8 112-9
i I — 50 mg. 33-0 56-1 62-7 70-8 81-5 86-7 105-6 113-3 120-6
a Hi— 25 mg. 83-1 60-7 62-8 73 5 102-0 107.0 112-8 123-2
Nickel Catalysta
1V — 100 mg. 351 54-2 50-1 67-2 8 97-8 101-7 108-6 118-2
V— 50 mg. 341 55-8 60-1 736 85-1 103.0 106-0 118-6 125-2
VI — 25 ng. 36-0 59-4 678 78-8 3 107-0 116-2 125-4 128-5
Controls for groups
LoV} 41-9 68-5 -2 86:-1 060 1120 117-0 126-7 182-6
TABLE IV —METABOLISM OF NICKEL IN RATS
Grour No. . FIGURES ARE FOR THE WHOLE OF FOUR DAY PERIOD
WITH KG. OF Nuxeer - - -
Ni/100 xc. oF Food intake Ni Urine Faeces Retention
DIET . ANIMALS gm. intake Ni i i
mg. mg. mg. . mg.
Nickel Carbonate
1—100 B 27-60 27-60 058 ) 1970 741 .
11— 50 8 8973 10'87 024 16°18 445
Hl— 25 8 4192 1054 016 706 117
Nickel Soap
1—100 4 3949 3949 048 3500 404
II— 50 ¢ 8772 18-88 0-22 16-25 2-39
Hi-— 25 4 89-42 985 014 875 009
Nickel Catalyst
1IV—100 4 3835 3835 | 0-30 3475 330
V— 50 4 41-87 2094 013 18-44 2-39
Vi— 25 4 4262 1068 009 9-69 ' 087
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Distribution of Nickel in Tissues — From
Table IV for metabolic data of nickel balances
for rats, it will be clear that rats retained
appreciable quantities of nickel on all the
nickel-containing diets. Retention on the
nickel carbonate diets has been larger than
with the two other nickel preparations. This
can be ascribed to the easy solubility of the
compound in the stomach and hence easier
absorption from the intestines of nickel
when fed as nickel carbonate. The propor-
tion of the ingested nickel found in faeces is
the least in the nickel carbonate group. The
excretion of mickel in urine is only slightly
higher in this group than in the other two.

In view of the continuous retention of
nickel albeit in small quantities, it was
considered desirable to ascertain how the
retained nickel was distributed among the
different tissues of the body. After the
growth experiments were over, i.e. in the
ninth week of nickel feeding, two rats from
each of the above groups were anaesthetized
and blood drawn by heart puncture, the rats
then being killed by excess of the anaes-
thetic. - The following tissues were taken up
for nickel determinations: femora, liver,
kidney, spleen, heart, large and small intes-

tines ( together ), testes and skin, in addition
to the blood mentioned before. Nickel was
determined colorimetrically after ashing

.and removal of interfering substances. The

results are given in Table V.

Reproduction

After the observations on growth for eight
weeks were over, males and females from the
same group were paired. The object of this
was twofold. The first was to find out if
reproduction and lactation suffered from the
inclusion of large amounts of nickel in the
diet, and the second was to determine whether
nickel retained in the body could be trans-
ferred by the mother to her offspring.

The rats kept for reproduction studies had
been receiving nickel-containing diets for
eight weeks previously. The same diets
were continued so long as the rats were under
observation throughout the period of gesta-
tion and lactation. Thus all these rats were
being fed nickel-containing diets continuously
for three to four months or more. The
control rats were kept for corresponding
periods on nickel-free diets. :

Immediately after the young ones were
born, two from each litter were weighed and

TABLE V — DISTRIBUTION OF NICKEL IN TISSUE
All the figures are for 100 gm. o]_ Jresh lissue weight
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e Grour No. & BonEs Liver Kioxey SPLEEN Hearr  INTEsTINE  TESTES Broop SKIR
g MG. or Nif100 oM, mg. mg. mg. mg. mg. mg. mg. mg. mg.
: DIET
Nickel Carbonate
- 1-—100 35-85 1-11 4-31 2-86 5-01 2-54 1-86 3-10 1-25
5 34-69 1-30 3-37 3-81 4-00 2:56 2-68 2-11 0-71
% 11— 50 28-89 1-32 1-15 2-82 2-03 2-18 5-89 1-00 0-54
22-38 0-43 3-00 3-38 1-24 1-50 0-69 1-30 038
In-— 25 18-76 0-10 1-19 0:55 0-79 1:84 1-32 048 0-2¢
18-52 0-15 1-00 0-26 0:76 064 2.33 0-34 Ui
Nickel Soaps
1—100 25-30 "1-31 3-48 4-84 1-69 1-95 1-R0 1-00 0-78
21-32 1-15 2-93 3-22 2-50 1:40 nik 1-17 0-78
II— 50 8-22 0-98 2-30 1-47 1-73 1-19 . 071 0-nd 0-57
?Z 8-45 1-15 2-71 2-46 Z2-90 114 038 -2 0-53
43, m-— 25 3-60 042 1-44 0-92 [ -4 it 0-21 011
. 5-33 0-57 2-02 1-65 Ol u-74 ail 0-54 0-43
Nickel Catalyst
i 1V —100 14-73 0-89 2-55 4-47 -7y o8 022 0-81 0'5(_1
% 17-56 1-27 2-47 (R} 22y 128 U-55 1-00 0-65
- V— 50 7-97 0-64 160 12 1-45 074 0-33 0-39 037
b-42 o-u7 372 §-oy 1-47 o8 079 0-438 u-27
Vi~ 25 3-00 0-4% -0 nit 1-03 0-51 0-92 0-45 0-23
4 3-vp -37 0-54 ml 63 U-34 nil 0-48 0-31
g Control ail nit uit’ uil nil wii il nil nil
nil © ol uil nil o omil nil nil nil nil

73




, }. SCI. INDUSTR. RES., V. 9B, 1950

killed. The amount of nickel in the whole
body was then determined. The results of
these estimations are given in Table VI.

Experiments on Monkeys

Adult monkeys ( Macacus sinicus) were
fed on nickel-containing diets to confirm
some of the findings obtained in rats with a

TABLE VI — NICKEL IN THE BODIES OF
NEW-BORN RATS

Grove No. & No. oF  WEIGuT of NickEL,
MG. OF N1/100 GM. YOUNG YOUNG MG./100 M.
DIET ONES 1IN ONES, BODY
LITTER gm. WEIGHT
NiICO,
1-—100 3 45 2-21
4-3 a3-00
5 4-2 2-10
4-3 2-78
n— se 47 1-70
4-7 1-37
40 1-24
37 1-62
11— 25 3 4-1 nil
3.9 nil
6 48 nil
4-6 nil
Control 8 31 nit
3-9 nil
10 4-0 . mil
4-3 nil

Nickel Soap

i—100 6 3.7 nit
3-8 nil
4 4“0 0-12
41 0-18
n— 50 5 44 nil
45 nil
7 3-9 nil
39 nil
11— 25 5 4-7 nil
4.9 nit
5 4-3 nil
44 nil

Nickel Catalyst
IV —100 5 46 0-44
46 0-33
7 42 0-12
43 0-15
V— 5 8 4-2 nil
4-2 nil
8 4-5 nil
£5 nil
vi— 25 7 3-9 nil
4-0 nil
8 4-3 nil
4-3 nil
Control 9 49 nil
5-0 nil

TABLE VII — DISTRIBUTION OF MONKEYS ON
NICKEL-CONTAINING DIETS

Lever or Ni,
u6./100 oM. r -~
FoOoD NicksL NicKEL Nicker

CARBONATE SOAP CATALYST

No. of animals

DIETS CONTAINING
A

2

50 2 2 2

25 2 2
Nit Two animals served as controls
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different species of animals. The basal diet
consisted of a mixture of 75 parts of whole
wheat and 25 parts of Bengal gram ( without
husk ) ground to flour. Nickel carbonate,
nickel soaps of mixed fatty acids of ground-
nut oil and nickel catalyst were mixed with
the combined flour to give 100, 50 and 25 mg.
nickel respectively per 100 gm. of mixture,
The prepared flour was made into chapatis
and offered to the monkeys with small
quantities of carrot and cabbage. The
quantity of food given per monkey per day
was 100 gm. In addition, small amounts
of vitamin A and D were given orally per
week. It was possible to use only 14 mon-
keys for this experiment ; their distribution
is' shown in Table VII.

The feeding was continued for twenty-four
weeks and weights were recorded weekly.
As all the monkeys were adults, maintenance
of weight together with the general behaviour
and other manifestations of toxicity were
used as criteria for the ill effects of nickel
feeding. »

During the experiment two monkeys died,
one from the nickel soap group ( 23rd week )
and one contro! animal ( soon after 24 weeks
were over ), Post-mortem examination did
not reveal the cause of death. Blood of the
animals was examined only at the termina-
tion of the experiment. The initial and
final weights of the monkeys and the results
of blood examination are given in Table VIII.
All the monkeys appeared in excellent health
as judged by their alertness and general
behaviour. It will be clear that with the
exception of one monkey who lost 0-5 Ib.
during six months, all others have main-
tained weight or showed a slight increase.
Even in the two monkeys which died
suddenly for no detectable reason, the weight
had been steady till the week before death
when last weights were taken. So far as
blood was concerned, nickel feeding did not
appear to have any ill effects. Thé various
values given in columns 5 to 7 in Table VIII
fall within the range for normal monkeys of
the same species reported by Rao ard Rao!s.

Summary

In view of the possibility of contamihation
with nickel of hydrogenated oils used for
human consumption, experiments were
undertaken to test the toxicity of nickel.

Albino rats and monkeys were used as
experimental  animals. Nickel | carbonate,
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TABLE VIIl — BODY WEIGHTS & BLOOD FINDINGS IN MONKEYS KEPT ON NICKEL-CONTA!NING DIETS

Clour No. & uc. or Seriar No. WEIGHT IN LB. BLoOD FINDINGS AT 6 KONTHS
N1/100 cu. pixT OF MONKKYS r A — A =
Initial At 24 weeks R.B.C. Haemoglobin W.B.C.
i millfc.m.m. &m.[100 c.c. per c.m.m.
Nickel &rbonte_
1--100 1 6-00 6-50 €-50 14-4 19,200
2 6-25 7-25 6-93 12-7 16,800
- 50 ] 7-25 8-25 6-17 14-4
4 6-50 7-25 6-60 16-6 13,200
-~ 25 5 5-25 68-50 6-92 13-9 18,200
[] 5-25 6-50 8-25 13-6 14,800
Nickel Scap -
n— 80 7 6-00 6-00 6-53 16-9 18,200
8 575 Died after -
22 weeks
(wt.5-5)
nI— 25 : 9 4-50 4-00 7-06 14-4 17,000
10 §5-25 5-25 8-51 14-8 20,400
Nickel Catalyst
H— 50 11 4-50 5-26 6-68 13-6 15,850
12 5-75 6-50 6-27 12-7 17,600
Coantrot c1 4:50 4-50 7-50 18-9 16,350 .
c2 4:25 5-00

‘2

nickel soaps of mixed fatty acids prepared
from refined groundnut oil and nickel
catalyst suspended in oil and supported on
kieselguhr were used as test materials. The
dosage was fixed at three levels, viz. 100,
50 and 25 mg. nickel per 100 gm. of an
adequate ration.

In rat experiments, growth, reproduction
performance, metabolism of nickel, nickel
content of tissues and of the offspring were
studied,

In experiments on adult monkeys, main-
tenance of weight, effect on health and on
blood picture were observed, during and

- after continuous feeding for six months on

nickel-containing diets.

Results of Rat Experiments — (1) There were
no significant differences in the growth rate
(over eight weeks ) of rats on nickel-contain-
ing diets as compared with that of control
animals. The reproduction performance was
also similar in the respective groups. The
general condition of the surviving rats, fed on
nickel diets for three to four months, was
indistinguishable from that of the controls.

(2) The retention of nickel from the three
nickel preparations tested was found to be
highest on nickel carbonate. No appre-
ciable difference between the other two
groups were observed.

{a) Approximately 71 to 91 per cent of

ingested nickel was found in the facces,
On nickel soup and catalyst, the
average faccal nickel amounted to
87-9.and 899 per cent respectively,

whereas on nickel carbonate it was
distinctly lower, i.e. 74-4 per cent.

(b) The percentage of ingested nickel
excreted in urine also varied with the
nickel preparation ; with nickel carbo-
nate 1-56 per cent, with nickel soaps
1-21 per cent and with nickel catalyst
0-77 per cent.

(c) Within each group, the level of nickel
intake did not make any appreciable
difference in the proportions excreted
in faeces and urine respectively.

(3) On the three nickel diets, appreciable
amounts of nickel were found in the tissues.
As arranged in order of decreasing nickel
content, they would be, bone, spleen, kidney,
heart, intestine, blood and testes. The nickel
content of tissues of rats on nickel carbonate
was higher than in the other two groups for
corresponding levels of nickel intake.

(4) At the highest level of intake, i.e.
100 mg. per 100 gm. ration, nickel was found
in the body of one-day old young ones.
Those born of mothers on nickel carbonate
showed the highest nickel content. At

- 25 myg. per 100 g, ration, no nickel could
be detected in the bodies of the young ones
from niothers in all the three groups.

The work carried out thus far shows
that on the comparatively high doses of
nickel tested in rats, no toxic symptoms
could be elicited even after three to four
months of continuous feeding.

Results of Monkey Experiments — At the
levels of nickel intake tested over a period
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of six months, adult monkeys maintained
their weight and at the end were in perfect
health. The haemoglobin, R.B.C. and W.B.C.
counts of blood were normal in monkeys fed
on nickel-containing diets. :
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o DOES THE NICKEL DISSOLVED FROM THE =~ = .
CONTAINER DURING PASTEURIZATION |
CATALYZE THE DESTRUCTION OF THE E
. o VITAMINS OF MILK? N I T
; - By Avery D. Pratr L S
(From the Depirimens of Vital Economics, University of Rochester, ;

" Rochester, N. Y.) _ - S
L : Receved for Publication—January 6, 1930 o T
- : o RINKER, ¢t al., (1) state that Geerkens in 1883 recovered 0.022 gram S
- T metallic nickel from two liters of milk that had stood eight daysat '
room temperature in a nickel container. This amounts to 11 parts per - .- =
, million. “According to Donauer (2) sweet milk at room temperature
: ‘... dissolves only one-tenth as much nickel as at the pasteurization tem-

i perature. On standing for eight days at room temperature milk would - | v
develop high acidity and it would seem that more than 11 parts per million _ ;
should be dissolved since solutions of greater acidity dissolve nickel faster T
than neutral or alkaline solutions. Drinker points out that analyses of L

~ small amounts of nickel made before the development of the colorimetric .

" method utilizing potassium di-thio oxalate are open to question. Donauer

" states that sweet milk at the pasteurization temperature dissolves 0.07
mg. of nickel pér sq. cm. of surface exposed in 24 hours. »
. A most thorough review of the literature by Drinker ef al. (1), concern-
ing the occurrence, biologic and physiologic action, and toxicology of
nickel and its various compounds, fails to shed any light upon its ability
to catalyze the destruction of vitamins. The use of nickel as a catalyst’

in the hydrogenation of oils suggests that it might also catalyze the de-

 struction of vitamins during the pasteurization of milk. Furthermore,’

" _the work of Hess (3) suggested, and the later work of Hess and Wein-

stock (4) indicated, a catalytic destruction of vitamin C in milk by copper.

Since nickel is being used more extensively in industrial machinery, and

especially in dairy manufacturing equipment, it seemed important to

; . investigate the possibility of such a destruction. If only a comparatively
E . small per cent of thé vitamin content of milk or other foods wére destroyed -~ " ..

the aggregate be of very greatimportance = * ...

" by such a catalysis, this would in
_‘ | ¢ im buman nutdtod. | " c. - "

, ::"'i",-;Sédol'cc.and Quahty o Milk: Certified. mill averaging better than 4 . .
. pet cent fat was obtained iced from a high grade. farm near. Rochester- . . -
| ++" 'and was stored in a refrigerator at 34°F until pasteurized and, following .-,
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- pasteurization; until fed. Thie herd from which this milk was obtained”
.+ . was composed of Holsteins and Guernseys in all stages of lactation and
"' was féd on a'modern dairy ration of silage, hay, and grain. Insummer the
. COWS were upon pasture supplemented by grain. The night’s milk was
: ;_-: cooled and stored in a tinned copper holding vat (inspected to see that
. 'no copper was exposed) until the morning’s milk was cooled and added, -

resulting in a milk of remarkably unifom composition. Most of the varia-

tions common to the milk of an individual cow were eliminated by pooling

the daily production of a large herd.

Pasteurisation of Milk. A container of Berndorf-rein nickel 16 cm. high '

and 12 cm. in diameter and a Pyrex beaker of approximately the same di-
mensions were filled with milk, placed on ringstands in a hot water bath,
heated by gas plates to the pasteurization temperature (145° F), and held
for 30 minutes. The milk in the two containers was stirred continuously

~ during heating by motor-driven glass rods, both at the same speed.

Because of the greater specific heat and conductivity of nickel, it was

necessary to heat the milk in the Pyrex beaker to 120° F before placing the -

- nickel container in the water bath. Both would then reach 145°F at nearly

- thesametime. Care was taken to keep the sirface free from the coagulum,

- which forms at the liquid-air line, to approximate the conditions in com-
* mercial pasteurization. In this way full opportunity was given for oxida-

_ tion to proceed if such a reaction should occur.

Nickel Content of Milk. A sample of this milk, pasteurized in glass, when

- énalyzed by the method of Fairhall (1) showed no nickel, while milk :

pasteurized in nickel showed 15 parts of nickel per million. A second pas-

teurization in the same container without washing caused solution of 18 _

parts nickel per million or 18 mg. Ni per liter of milk.

At the former rate 0.0038 mg. nickel was dissolved per sq. cm. in thirty

minutes. If solution had continued at this rate for 24 hours, which is

-improbable, 0.18 mg. per sq. cm. would have been .di'ssolved,. or more than
‘twice that found by Donauer. At the end of a pasteurization period of -

thirty minutes the walls of the container were coated with a blackened

precipitate of milk solids. The fact that during the second pasteurization .

20 per cent more nickel was dissolved than during the first, indicates
that in commercial milk plants when a pasteurizer is used continuously for
a half day or even longer without washing, the rate of solution might be
considerably greater than in this experiment. ' .

For this container 12 ¢cm. in diameter and 16 cm. high the ratio of cubical

- contents to surface exposed to the milk was 0.39 sq. cm. to 1 cc., while

for a continuous flow pasteurizer in the 2 in. pipes in which heating occurs

607




Sept., 1930 : AVERY D. PRATT 143

" this ratio is 2 sq. cm. to 1 cc. and in the holding pipes of 5} in. diameter

the ratio is 1.44 sq. cm. to 1 cc. For the holding type of pasteurizer of

" 300 gallons capacity the ratio is as low as 0.11 sq. cm. to 1 cc. Milk pas-

teurized by the continuous flow method would be subject to greater ex-
posure than in the container used in this experment, while in a large vat

" with revolving coils, the unit of surface exposed per unit of milk would be

one-third that in our container.

. Since Berndorf-rein nickel is more soluble in organic acid than rolled,
drawn, cast, or electrolytic nickel, it seemed that full opportunity was

being afiorded for solution and subsequent catalysis to occur during the
pasteurization process if such action occurred under commercial condi-
tions. o |

“The nickel/éontainer before use for pasteurization purposes had a well-
finished surface, perfectly smooth to the eye except for the marks left by
the spinning process. After it had been used once or twice a week for
pasteurization for twenty months, there were pits uniformly distributed

. over the surface which were plainly visible to the unaided eye, thus dem-
" onstrating the corrosive action of milk on nickel. :

ViTAMIN A EXPERIMENTS o

" Vitamin A Deficiens Diet: For the investigation of the possible destruc- ”
tion of vitamin A by a catalytic action of nickel 2 basal diet of the follow-

ing ’composition was used:
- ! Commercial corn starch 76%

. .Casein (A Free) 18%
" .. Agar agar : 2%
"~ . Mineral salts (5) % -

~ The casein W:;.s an’ Argentine product of very high quality purchased
from Atterbury Brothers of New York. It was extracted continuously
- withhot alcohol for one week, dried, finely ground, and heated in an electric

".oven for one week

at 95° to 100° C with stirring twice daily to assist in oxi-
dation of any remaining traces of vitamin A. A feeding trial showed this

"to be free of the vitamin B complex according to present accepted Stand-
. ards. ‘The mixed ration was irradiated for thirty minutes with stirring at
twenty inch‘g:s from a quartz-mercury vapor lamp (Hanovia) to provide .
Cvitamin D, -t et T e o
. Technique: Rats were obtained at approximately 3 weeks of age at 35

0 40 grams weight and placed in screened bottom cages to prevent access

to feces. :The basal A-free diet was weighed in twice weekly and the sur-- "
| fed 05 *

plus weighed back at the succeeding 'feeding; The animals we_te

[
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gram starch free yeast dally to supply vitamin B.. They were also weighed
.- twice weekly and weights charted on individual record cards. .7 - iy
“ 1 .. Protective Method: A group of rats was obtained from the Albino Supply
Company at 35to 40 grams in weight and placed in groups of from 2 1o 6
. -on each of the three kinds of milk (raw, pasteurized in ‘glass; and’ pas- ‘
-+ teurized in nickel) on 5 cc., 10 cc., 15 cc., and 20 cc. levels of milk feedmg } *
T " These rats were fed milk from the begmmng of the experimental pet;gd
+ . Tt was expected that even if there should be considerable destruction of <
. vitamin A, the upper levels would still be high enough to provide for. spme -
.- growth. After twelve weeks of feeding there were no significant differénces
-and therefore subsequent groups were placed on a 2 cc. level. The com--
posite growth curves for these latter groups indicate that 2 cc. of milk
do not provide sufficient vitamin A to provide for normal growth for niore
" than 2 weeks but differences between the growth rates for the three groups
were so small that they did not exceed the variation within the groups and
. 80 could not be considered significant. There were no external evidences
of vitamin A deficiency other than lack of normal growth. g :
Curative Method. Preliminary Experimenis: It was evxdent that if
there was any destruction of vitamin A it was too small to be detected by
;. o the protective method. Accordingly a lot of rats from our own colony,.
M weighing from 35 to 40 grams, was fed the basal A-free diet supplemented
ER ~ . with 0.5 gm yeast daily until their body stores of vitamin A became de-
pleted. They were kept on this ration until their weight became station-
-~ ary for three weeks or fell below that of the third week previous. However, .
‘if xerophthalmia or diarrhea developed before they reached this weight,

. milk feeding was begun immediately. Five cubic centimeters of milk
proved too high a level as recovery and growth were too rapid to reveal
small differences. The rest of the animals were divided into three groups,

", for the three kinds of milk, and these groups in turn were subdivided and
el fed 1.0 cc., 1.5 cc., and 2.0 cc: respectively of milk. There were seven or
: eight animals in each group.. The lower levels proved too low to cause
Protiet rapid recovery and a steady increase in weight.  The differences in weight
# <. between the animals on the 2 cc. level were neither sufficiently large nor
B . uniform to be conclusive although there a.ppeared to be an unfavorable :
= 4.7 effect due to nickel. '
» 3,_ A ‘ Definitive Experiments: Eighty rats averaging 33 grams in wc:ght were
CRETR - purchased from the Albino Supply Company and depleted of their stores .
~of vitamin A, as was the preliminary group.

While the preliminary group declined at six weeks at approxlmately

100 grams, this group did not decline until 8 weeks at 120 grams wexght
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Those which declined first showed such a rapid fall in weight and such ex-

- treme symptoms that it seemed advisable to subdivide the group and begin
- milk feeding at once, as 2 cc. were not sufficient to cause recovery and re-

store the growth rate for animals of this size; consequently the groups as
a whole do not show decline prior to milk feeding. The preliminary groups
did not have equal average weights at the beginning of milk feeding, and
this circumstance constituted an error for which no correction could be
made. Sherman and Burtis (6) state that for vitamin A assay work only
rats that do not differ greatly in weight should be used and advise a mini-

" Grams
- 200

160

o I | | l | | | [ |
Caart 1.—Composite growth curves for rats fed raw milk, milk pasteurized in glass, and milk
pasteurized in nickel for the cure of vitamin A deficiency. -

Raw Pasteurized in Nickel- - - == - === - - -~
Pasteurized in Glass =rermrmimieieiocor X Began milk feeding.

mum weight of 70 to 75 grams and a maximum weight of 100 grams.
They found with a limited allowance of vitamin A an inverse relat;onslup

... between the body weight and the rate of gain. _ - SR
" The definitive groups were divided as evenly as possible with respect

toflitters, sex, and condition so that the average weight and deviation

- from the mean would be comparable for the three groups. Reference to
. Chart 1 will show that the composite growth curves for the three groups .- -
. ‘were almost identical up to that time. During the six weeks of milk . =

feeding the average growth rate for the three groups was so nearly 'the.

~same that there is no significant difference.” Table I shows the average

S e S, 2

- A ey g
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» . - hody weights for the three groups at significant age periods'and Chart

. 1 the graphic record of their weights. ~ - e

;. . IR ‘-. - ;v' : S ! » - Tnml N .‘. " = t_f‘ ) o . ’. .- N "
r‘ kY el e MEAN WEICHTS OF RATS ON THE VITAMIN A EXPERIMENT  ~ R
Beginningof | o o or | gwkniof

e No | et | | milk feedi
S g | wegne | 4T milk {eediog | ik feeding | milkfeeding

. gms. gms. gms. ~ gms, gms.
Raw 25 33.3 87.1 117.5 * | 132.0 142.6
. IR  Past.inglass 25 32.9 89:4 o 18.8 133.1 142.9
ST S Past.inhickel | 25 | 33.0 . 88.5 18.9 | 1316 139.9
R , » o
ca T, During the period of milk feeding the most extreme variation between -

. any two groups was 4 grams or approximately 3 per cent of the mean body
_ weight, an amount that is well within the allowance for experimental
error for biological work. Reference to Table II, a statistical analysis of -
the data for these groups, shows that the standard deviation in grams . -
_within the three groups at any time after milk feeding began was from two
e to three times the greatest difference in grams between the mean weights
e of the three groups. This proves quite conclusively that the average dif-
T " ferences are not significant. Tables I and 111 follow: S

P o Tasie II T Capun!
, Ve ) VrraMan A EXPERIMENT £ o e
H s . STANDARD DEVIATIONS FROM MEAN WEIGHT
RN | No.of | mitial | sth | sth | 10th | s1th | 12th | 13th | 14th
S e Kind of Milk animals [Weighing | wk. | wk. | wk. wk. | wk. | wk. | wk. .

gms. | gms. | gms

s X
E

Y r, e Raw 25 3.4 11.0| 1.1} 10.5] 1.3 1.6 1.7} 12.2
<00 Pastinglass |25 2.6 | 11.3] o8} 11.3]| 11.1] 11.3] 14.8] 14.0
i Past.innickel | 25 2.5 | 10.7] 10.5| 11| 98] 9.0] 9.4} 94
e © Tase I
- it EE ViTAMIN A EXPERIMENT
. " PERCENTAGE COEFFICIENTS OF VARIABILITY
b ) | No.of | Initial | 8h | 9th | 10th | 11th | 12th | 13th | 14th
Lo Kind of Milk | pnicnals | weighing | wk. | wk. | wk. | wk. | wk | wk | wk
B -4 Raw 5 | 102 | 93] 94|86 ss|ss|ss]es
Past.inglass 25 8.0 9.5 | 80 | 90} 83 | 81 {105 | 9.8
. Past.innickel | 25 7.6 90| 87| 89| 74 ] 66} 68| 67
Lo ;
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A study of the standard deviation and percentage coefficie

shows that the three groups were selected satisfactorily and that the data
became more concordant as the feeding period progressed.

. TABL; v . t
WeexLy Foop Consumption v Graus
Groups _ " Raw ‘ Past. Glags Past. Nicke]
Average of entire period . .2 - 66.0 67.4
_Average durinxmﬂklcedlng 66.3 . 66.6 : 67.8

. The explanation for the fact that the preliminary groups began to
decline at 100 gms. while the definjtive groups did not reach this stage

_in the growth rate of the two sexes, they were averaged together to form .-
composite curves, - .- - N

"~ The.collective results of these 'experiments indicate no destruction of - ; -

vitamin A by catalytic action during the‘ p_astéun'zat;'on process unless
. ithasbeep compensated by some fa\ggrable_actioq now unknown.

U e viba
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entirely devoid of, vitamin B.

Technique:

Rats were obtained from the Albino Supply Company
- > at 3 weeks of age and placed in screen-bottom cages which prevented
‘access to feces. They were fed basal diet ad libitum. supplemented by 3
~drops of cod liver oil daily in glass dishes to supply vitamins A and D.
Protective Method, Preliminary Experiments:
rats were placed upon 2 cc., 5cc., 8cc., and 10 cc. levels of milk feeding
for each of the three kinds of milk. Those receiving milk on the 2 cc.
and § cc. levels died too soon to manifest characteristic symptoms of
polyneuritis. Those on the 8 cc. level made fairly rapid growth at first
‘but later declined in weight and developed marked polyneuritis, while
those on the 10 cc. level did not develop polyneuritis within eight weeks.
These animals received milk produced during the months of August
and September which would contain less vitamin B than that produced
in June when the vegetation was more luxuriant.
 Definitive Experiment:

A confirmatory group also secured from the
Albino Supply Company at 41.9 grams was placed on the 8 cc. level the
, following March with 24 animals on each of the three kinds of milk. Table
- 'V gives the mean weights of the three groups at representative points
* - throughout the feeding period and Chart 2 shows the composxte growth :

curves for the three groups.

Y .- VITAMIN B Expnnmnurs
Vztamm B Deﬁczent Dut ‘The basal diet was the same as that employed
for the vitamin A experiments, with the exception that the casein was
purified to remove vitamin B. This was accomplished by washing the
+ " - casein:continuously for a half week with 0.1 per cent acetic-acid and.for
~ the remainder of the week with distilled water. The casein was then dried *
and finely ground. Control rats fed this diet plus daily additions of three
drops of cod liver oil died in 14 days showing it to be very low in, if not

Tasrz V
Mzean WEIGHTS OF RATS ON THE ViTauiN B Exeesiuent -

Groups of four to six

. Group No. Rats Initial 2 wks. 6 wks.

oo co gms. gms. gms. gms.
Raw - 24 42.3 69.5 2.0 4.9 . 14.0
Past. inglass U 41.2 64.6 64.6 64.6 63.6

24 4.2 .66.8 67.5 67.7 65.3

Past. in nickel

Tt will be noted that the group receiving raw milk made deﬁnitely greater
and more uniform gain than the other two groups receiving pasteurized
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milk. These two groups follow the same general course and parallel each
other so closely that the differences can not be considered significant.
Of the 24 animals on raw milk 13 developed polyneuritis at an average of

- §5.5 days of milk feeding while the remaining 11 never developed even
first symptoms. Of the group receiving milk pasteurized in glass, 23 de-
veloped first symptoms at an average of 51.7 days of milk feeding while

" of those receiving milk pasteurized in nickel 23 developed first symptoms
* “atanaverage of 52.1 days of milk feeding. The two groups developed more

Gra;»u e

.-200

R 7, MU

I i

1 S S 3 78 “4
Weeks . L S : R :
C'n.nr 2.—Composite growth curves for rats fed milk, milk pasteurized in glass, arid milk
pasteurized in nickel as a source of vitamin B. - e ) . :
Raw - .

' Pasteurized in Glass ~-=+—+m: s~ Crmeed St T s
Pasteurized in Nickel « v m e mcmice o .

..+ extreme polyneuritis terminating in a spastic condition without revealing

¢.;.". any appreciable difference. Had there been any greater destruction due to,

- _the presence of nickel it could hardly have failed to be evident. Thus -

~ .'it will be seen that pasteurization. destroyed part of the antineuritic fac- R ‘

-~ tor (B) but that nickel did not increase this destruction. The development Co
‘. of dermatitis and the shedding of hair were evident in all three groups to

" the éaqxe E’xtent, showing'that there was no greater destruction of the pal- -

lbgralbréve';gting:factor"(G)_:byjcontgct. with nickel. © i o




==

- Past. innickel 24 12.5 17.0 15.0 1L

: The fo!lowxng statlstlcal analys:s (Table VI) shows that the body welghts S
* of the groups were satnsfactory at the beginning of milk feeding. Thetwo - ' *
: groups receiving pasteurized milk were almost equally concordant from ",
. the'standpoint of standard deviation and also wnth respect to the perCent- ;
age coeﬁaent of vanabxhty as seen in Table VII : -

: - Srmanm;\rioanuus,VnAmBEmnm:mr .

i No. of il | . .} . _ v

- KindofMilk | o0 | eene | 3wk 5 wks, S wks. 9 wks,

Raw 24 8.1 10.0 11.2 11.3 10.9

" Past.inglass 2% 5.7 9.0 - 8.4 9.3 3.8
Past. in nickel 2% 5.3 1.3 | 101 7.7 8.0

* The rats of more extreme body weights were placed in the group receiv-
ing raw milk, a fact which explains the greater vanabxhty of this grou;) at
the initial weighing. ,

TasLe VII
- PERCENTAGE CORYFICIENTS OF VARIABILITY, VITAMIN B EXPERIMENT :

o No.of | Initial
- Kindof Milk | pnimals | Weight

Raw 24 | 191 1“3 | 153 | 158 1.7
Past. inglass 2 13.8 1“0 | 127 150 | 138
9 | na

" The group receiving raw milk consumed an aver.age of 29.7 -grams -
- basal diet per week while the groups receiving milk pasteurized in glass

and milk pasteurized in nickel consumed 27.7 gms. and 27.1 gms. respec-
tively. Itis well known that limiting the intake of foods containing vita-

min B lowers the food consumption. The lower food consumption of the '

groups receiving pasteurized milk is doubtless due to thermal destruction

~ of a part of the antineuritic factor. .
- A study of growth rate, standard deviation, percentage coefficients of
variability, and consumption of basal diet, fails to show an increased -

destruction of yxtamm B due to the influence of nickel.

mem C EXPERIMENTS

Vztamm c Deficient Diet: The basal diet fed to the guinea pigs was that
recommended by Sherman (7) and had the following composmon-

LR Lt
s

TABL:VI A \ ol

Swks, | Swks. | Bwhs | Owks
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Rolled oats 29.5
Wheat bran 29.5

Sodium chloride 1
Skim milk powder 30
Butter oil 10

The skim milk powder was prepared by the spray process by the Merrell-
Soule Company and was heated in an electric oven at 95° to 100° C. for

~ . four hours to destroy all vitamin C.

- Technigue: Guinea pigs weighing approxlmately 250 grams were placed

on the basal diet supplemented by 10 grams cabbage and 20 cc. milk

Grams

425,

350

s00.-"

Cnnt 3. —Composite growth curves for guinea pigs fed raw milk, milk pasteunzed in g!ass
;nd milk pasteurized in nickel as a source of vitamin C The control animal received 10 grams
of cabbage daily as its source of vntamm C.

’ daﬂy When they reached 300 grams the cabbage was wnthdrawn lea.vmg .
the milk as the sole source of vitamin C.. The basal diet was fed ad libitum. -
- ANl animals were divided between the three groups as evenly as possible
~ with respect to size, sex, growth rate, and source. The three groups were
fed simultaneously and from the same day’s milk to eliminate any errors :

¥
i
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due to dlﬂerences in weather, vanatlons in mxlk or basal dxet or to varia- .

v ~-tions in value of the vitamin supplemerits. ..

Welghmgs were made and charted biweekly.’ R

" Milk was fed in glazed porcelain dishes to avoxd contact w1th metals

Prehmmary Experiments: Preliminary groups were started on the 20 -
cc., 30 cc., and 40 cc. levels of the three kinds of milk in an attempt to .

ﬁnd a cntlcal level for milk feeding. On-the 20 cc. and 30 cc. fevels there . . '

‘was an evident destruction of vitamin C due to pasteurization but no ap-

- parent difference between the two groups receiving pasteurized milk,

On the 40 cé. level there was a much greater difference between the group

- receiving raw milk and those groups receiving pasteurized milk. On this

level there did seem to be a significantly smaller gain made by the group -
receiving the milk pasteurized in nickel. However, since there were but
seven animals on each kind of milk, the gain seemed too small to draw any
conclusions in. view of the large variations in growth rate of guinea pigs.
“This first lot was fed during late winter and early spring when the COWS
were upon winter feed. :

Definitive Experiment, Some dxﬂiculty was experienced in the prehm-
inary experiment in securing complete milk consumption at the onset
of scurvy, so a definitive group of 72 animals was fed 20 cc. of summer milk
to overcome this difficulty. Table VIII shows the mean weights while
Chart 3 shows the composite growth curves for the groups on each of the
three kinds of milk. It is evident that the group receiving raw milk ma.de
more satlsfactory growth than the other two groups.

Tapre VIID . o
Mean WEIGHTS oF GUINEA PiGs ON THE ViTAMIN C EXPERIMENT
Growp | oot ::g;: 4wks, | 6wks | 8wks | fOwks
Raw 24 2% 321 . 360 405 423
Past. inglass 24 283 304 329 360 . 39
Past. in nickel 24 287 - 308 39 380 n

The mean weights up to the eighth week indicate that the effect of nickel
was not detrimental. The drop in weight at 10 weeks seems somewhat
significant at first but a study of the individual data at this time shows it
to be relatively unimportant. Of the group receiving raw milk 7 weighed
more than 460 gms. while 2 weighed less than 300. Of those receiving milk

~ pasteurized in glass 4 weighed over 460 grams and 5 under 300, while of
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those receiving milk pasteurized in nickel only one weighed over 460
grams and only one under 300 grams when they died of scurvy or when
they were killed at 10 weeks. The small average drop of 9 grams (2 to
2.5 per cent of body weight) is much smaller than the average variation
within either of the groups receiving pasteurized milk and so becomes in-
significant. Also the number of animals in each group receiving pasteur-
ized milk was reduced by death from scurvy to 16 at the eighth week and

to 6 at the tenth week. The flatness of the three curves in Chart 3 for.
the first three weeks is due to the withdrawal at the beginning of the ex~- - -

perimental period of the daily allowance of 10 gm. cabbage which was

_ the only change in the ration at that time. Apparently the withdrawal
" of this bulky food necessitates a rcadjustment of the alimentary tract.

'Reference to Chart 3 shows that pasteurization destroys part of the
vitamin C of milk. The flatness of the growth curve also indicates that

the raw milk was fed in amounts considerably below the optimum. The

positive control was a typical animal fed the same basal diet but supple-
mented by 10 gm. cabbage daily. Up until 5 weeks of protective feeding
there was no marked difference in the growth curves of the three groups.

' While the growth rates for guinea pigs are more variable than for rats,

still with 24 animals on each group the composite curves should be com-
paratively reliable. One pig died of scurvy during the experiment from

the group receiving raw milk while 7 died in the group receiving -milk -
 pasteurized in glass and § in the group receiving milk pasteurized in

nickel. Consideration of the scorbutic symptoms of those animals dying

" before termination of the experiment shows no significant difference be-
-tween the two groups receiving pasteurized milk. When the scorbutic
_symptoms of the animals that came to autopsy at the end of the feeding
" period are considered, there was no appreciable difference between the =

two groups receiving pasteurized milk. On an average the fragility of
bone and occurrence of rosary were slightly greater for the group receiv-
ing milk pasteurized in glass, while the other symptoms. were equally

. mianifest. - Those receiving raw milk exhibited decidedly less fragility of
" bone while the other symptoms showed approximately the same severity
. &8s manifested by the two groups receiving pasteurized milk. This‘mus,tv- S
 be due to the greater weight attained and the consequently greater amount ..
of vitamin C required to maintain the animals in normal condition. The '~
“deficiency did not exist long erough in those receiving raw milk to pro-. -
+" duce fragility of bone but did exist long enough to produce more actfte. S
. symptoms, The difference in the growth curves of the twogroups receiv="-:
- ing pasteurized milk from the fifth to the ninth week was appgoxi}x}atdy

s c s P
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- 6 per cent. This difference at first might seem mgmﬁcant but reference
.-to Table IX of statistical data shows the percentage deviation from the
. mean to exceed this difference in growth. Inspeéction of this table shows
" that the group receiving raw milk was more satisfactory than the groups

_* receiving pasteunzed milk. The maximum increase in per cent deviation
-, for this group is equal to the per cent difference in growth rate of the two -
" groups receiving pasteurized milk as seen in Chart 3. However, the in-
_crease in per cent deviation for the latter groups exceeds this figure and

shows it to be insignificant. The per cent deviation for the group receiving
milk pasteunzed in nickel becomes more concordant as the experiment
progresses in marked constrast to the group receiving milk pasteurized

in glass. In no way can these results be interpreted as showing a detri-

m_ental effect due to nickel.

Tanie IX
VrtamaN C EXPERIMENT
PER CEXT DEVIATION YROM MEAN

. Initial 2nd 4th 6th 8th 10th
Kind of milk weight wk. wk. wk. wk. ~wk. .
Raw _ 7.4 9.5 12.5 13.9 12.3 12.0
Past.inglass 8.4 12.4 18.8 20.8 18.0 22.6
Past. in nickel 8.6 10.2 - 16.3 14.0 9.9 10.1

Hotchkiss (8) found that 0.65 gm. NiCl, (0.2925 gm. metallic Ni) per
liter of culture media, equivalent to about 300 parts per million, was toxic

to B. coli, that 0.13 gm. NiCl; (0.0585 gm. Ni) limited growth, and that

13 mg. NiCl, (5.85 mg. Ni) equivalent to 5 or 6 parts per million actually
stimulated B. coli to greater growth. This indicates that nickel under
some conditions plays a beneficial role in the metabolism of protoplasm.
Hart (9) and coworkers and also McHargue e al. (10) have shown that

copper assists iron in the regeneration of hemoglobin of anemic rats fed

on an exclusive milk diet. Titus, Cave, and Hughes (11) have shown that

manganese aids copper and iron in this same role. The fact that nickel -

is used as a catalyst in the hydrogena.txon of oils"and that it induces a
tallowy or metallic flavor (7) in butter made from cream pasteurized in
nickel suggests that it might play a role similar to that ascribed to copper
and manganese. It seems unlikely that nickel has catalyzed the destruc-
tion of vitamins in milk unless there has been a compensatlon due to the
presence of nickel. .

 DOES NICKEL AFFECT VITAMINS OF MILK? Vol.lL,Ne.2 ==
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.SumMMarY AND CONCLUSIONS

l The nickel content of milk pasteurized in a nickel container was 15

--parts nickel per million while the same milk pasteurized in a glass vessel

contained no nickel.

2. A total of 390 rats and 140 guinea pigs was utilized for these expen-
ments.

3. In testing the catalytic destructlon by nickel of each of the vntamms

' _. A, B, and C, three groups of animals were fed a ration otherwise adequate

and supplemented by raw milk, milk pasteurized in glass, and milk pas-
teurized in nickel respectively, to supply the vitamin in question.

4. There was no appreciable destruction of vitamin A by pasteuriza-
tion in either a glass or a nickel container.

5. The antineuritic factor of the vitamin B complex was partially des-
troyed by pasteurization but there was no evidence of a catalysis of the

-destruction by nickel.

6. Vitamin C was partially destroyed by pasteurization but mckel did

' not seem to increase the destruction.
7. Determination of standard deviation and coefficients of variability

shows the data to be satisfactory and to become more concordant as the

experiment progressed. The differences between the two groups receiving -

milk pasteurized in glass and milk pasteurized in nickel are shown not to
be of greater magnitude than the deviation within the groups.
" 8. Unless it can be demonstrated that nickel per se is beneficial to ani-

' mals on these vitamin deficient diets, it is impossible to interpret the data

as indicating any catalytic destruction of vitamin by nickel during the

pasteurization process.

A study of the above summary and a study of the rate of development of
deﬁcxency diseases, acuteness of symptoms, autopsy findings, and growth
curves, do not indicate that nickel dissolved from the container during

" pasteurization catalyzes the destruction of vitamins A, B, or C during the

pasteurization process.
I wish to express my appreciation to Drs. J. R. Murlin, and H. A.
Mathll for a.dvxce and gmdance in the conduct of this xnvestlgatxon. :
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RIBONUCLEASES
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L. THE ACTION OF COBALT AND NICKEL ON TETRAHYMEN 4
PYRIFORMIS W1

" J. 5. ROTH?
Strangeways Research Laboratory, Cambridge, England

Received May 20, 1955

Corart in various forms has many diverse effects in the animal organisn,
and on animal and plant cells. Levy, Skutch and Schade [9] found thiy
Proteus vulgaris placed in the presence of Co** continued to synthesize rily,.
nucleic acid (RNA) but not deoxyribonucleic acid (DNA) or protein. Miupy
and Nakamura [11] confirmed this action of Co*+ using Staphylococcus aurens
and Escherichia coli, and from studies on the action of Co++ on crystalline
pancreatic ribonuclease (RNase) concluded that the inhibition of intracellular
RNase accounted for the observed eflects. Recently Heath [6] has reported
that certain concentrations of Cot+, when added to actively growing chick
heart fibroblasts in vitro cause abnormal mitoses in which the nucleoli persist
throughout the whole cycle, and finally, with the formation of the new nuclei

~ in telophase, are left in the cytoplasm of the daughter cells.

It would seem reasonable to explain the above effects of Co*+ as being
due to the inhibition of intracellular RNases by this ion. Inhibition of this
enzyme (or enzymes) could conceivably result in the accumulation of RNA
in the bacterial cells studied, or in the failure of the RNA containing nucleoli
to be broken down during mitosis. As it has been reported [13] that another,
quite different, RNase inhibitor heparin [14, 19] may also often cause the
accumulation of RNA in cells in tissue culture, this would appear to be
further support for the explanation first suggested by Miura and Nakamura.
However, there are certain difficulties with this explanation which seemed
to us to warrant further study. We have not been able to confirm Miura’s and
Nakamura's results [13] with regard to the action of Co*+ and Ni*++ on crystal-

' A portion of this material was presented as an abstract at the Seventh Annual Meeting of
the Society of Protozoologists, East Lansing, Michigan, September 1955,

3 British-American Cancer Research Exchange Fellow (1953-54) under the auspices of the

British Empire Cancer Fund and the American Cancer Society. Present address Department of
Blological Chemistry, Hahnemann Medical College, Philadelphia, Pennsylvania.
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. Effect of Cot+ and Ni++ on Teirahymena 147

line pancreatic RNase and furthermore, since this enzyme is apparently
quite different from intracellular RNases (8, 12, 15], cenclusions based on
the effect of Co*+ on the crystalline enzyme would not be valid. We have,
therefore, investigated in some detail the effects of Co++ on the protozoan
Tetrahymena pyriformis W. For comparison Nit+, which is quite similar
to Cot* in chemical properties but does not exhibit the same biological
action at comparable concentrations, has been studied similarly. Experiments
with erystalline pancreatic RNase have also been carried out.

e ' MATERIALS AND METHODS

determination of the total absorption of the hot TCA extract at 260 mu, RNase
was determined by a modification, previously described [14], of the method of
McCarty [10]). Nitrogen was estimated by a micro-Kjeldahl procedure. Crystalline
Pancreatic RNase was obtained from Waoerthington Biochemical Sales Co., Freehold,
N.J.

RESULTS
In Vivo Effects of Co*t and Ni++

The effect of Cot* and Ni++ on the growth of Tetrahymena.—Cobalt and
nickel as the sulfates were added to media in test tubes which were then auto-
claved at 15 Ibs for 20 minutes. Three test tubes for each concentration were
Prepared and one tube, which was uninoculated, served as a control. One
lbopful of 3 day W strain was transferred into the tubes which were then
kept in the dark at room temperature in a slanted position. Tubes containing
more than 1 x 10-¢ M Co*+ turned darker with time, possibly due to reac-
tion of Co++ with histidine and oxygen in the medium [5]. The amount of
Co++ and Nj++ originally present in the medium was less than 0.1y per ml
while there was 0.2y of Cu*+. The results of the growth experiments are
shown in Figs. 1 and 2. Co*+ at all levels used inhibited the initial growth
Tate, but with concentrations ranging from 5.9 to 17.7y- per ml the final
growth was greater than the controls, A concentration of 23.6y per ml greatly

Ezperimental Cell Research 10
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increased the lag period and reduced the final growth at 2168 hours to one.
third that of the controls. There was no growth in tubes containing higher
concentrations of Co*+. These higher eoncentrations (up to 47.2y per ml)
were not lethal to the cells, for the original inoculum remained viable fop
at least 240 hours. In another experiment Cot* was added to a culture f

22 .-//.\-
ODus
x
IO 4
Fig. 1. The effect of Cot++ on the growth of 7¢/,.
ol hymena pyriformis W in peptone medium.
C O Controls
. o6 / x x  5.9% Cott per ml
E / . « 1187 , ., .
] 02 / A —-A 177y ” ”
G—O 23.6 Y ” ” 9
20 [5] 0o “o 190 220 .

HOURS

rapidly growing Telrahymena to give a concentration of 84y per ml. The
culture of approximately 10% cells per ml contained many cells in division,
Three hours after adding the Co**, as far as could be determined by micro-
scopic inspection all of the cells remained viable but there were no further
divisions. ) _ _

Slater [18] has determined that Tetrahymena pyriformis E has a nutritional
requirement for Co*+. He examined the ecffect of addition of Co*t, up to a
maximum of 8y per ml, to a Co*+-free synthetic medium and reported that
as little as 0.1y Co** per ml gave good growth, while higher concentrations
(4 and 8y per ml), in agreement with the present results, slowed the initial
growth rate, but gave a final higher population density.

The effect of Nitt on the growth of Teirahymena is depicted in F:g 2.
Concentrations up to 17.7y per ml had little significant effect on the growth
rate. In the range from 17.7 to 41.3y per ml there was an increasing lag in
the initial growth but after about 120 hours the growih in the tubes containing
this range of concentrations somewhat exceeded that of the controls. A Ni++
concentration of 47.2y per ml was inhibitory, the final population density
was less than one half that of the controls at 120 hours \\hlle 59y pcr ml
allowed only slight growth in the same period,

Co** was considerably more inhibitory, therefore, .to the growth of Teira-
hymena than equivalent concentrations of Nit+. The effect of the metals
appears to be mainly an inhibition of cell division as the highest concentra-
tions employed were not lethal to the cells. The differences observed may be

Ezxperimenlal Cell Research 10
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* due to variations in permeability of the cell wall to these two ions. Since

Co** apparently is required by the protozoa, while Ni++ is probably not
essential, the former ion may pass more readily through the cell membrane
giving rise to higher concentrations of Co*+ within the cell. Nit+ may be
largely excluded even when present in high concentrations in the medium.

20
14
oe
x 20
Fig. 2. The effect of Ni*+ on the growth of Tefra- 10 '8
hymena pyriformis W in peptone medium.
O —O Controls . '
[ ¢ 172.7 y Nitt per ml o
X X 29'5 y ” ” ” N
o 43y ,, , . o4
A A 47'2 7 ” ” I

HOURS

The effect of Co** and Ni++ on the RNA and DNA content of Tetrahymena.
—Three 4-liter amber hottles, containing 750 ml of peptone-Marmite medium,
were inoculated with 1.0 ml of 5- or 7-day-old W strain and placed on their
sides. .The cells were allowed to multiply at room temperature for 3 days
after which Co*+ and Nit+ sulfates were added, respectively, to two of the
bhottles to give a concentration of 29.5y of metal ion. All three bottles were
then incubated for an additional 24 hours in two experiments and 48 hours
in the third cxperiment. At the end of the incubation period, the cells in all
three bottles were counted, collected by gentle centrifugation, washed three
times with distilled water and made up to a volume of 25.0'ml. The protozoa
treated. with Co*+ were distinctly browner than the controls or Nitt treated
cells. Five ml aliquots of the concentrated cell suspension were immediately
Ireated by the Schneider procedure and aliquots were also taken for nitrogen
“eterminations, dry weights and metal content. The results are given in
Table 1. In experiments 1 and 2 in which the protozea were in contact with
Ihe: metal salts for 24 hours, there were 17.8 and 26.1 per cent fewer cells
in the Cot+ containing media, respectively, while in experiment 1, Nit+

depressed the cell count by only 11.3 per eent and in experiment 2 there -

vwere § per eent more cells in the Nitt containing medium. In keeping with
this, dividing cells were noted in the controls and Nit* containing media,
bt not in those containing Co '+, In spite of the decrease in- cell count in
the ot conlaining media, the amounts of N, RNA, DNA, and the dry
weights of these cells were not greally different from the controls. For the

Experimental Cell Research 10
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TABLE |

The effect of Co*+ and Ni++ on the nucleic acid and nltrdgcn content of Tetrahymengq,

Dry wt/ N con- Metal RNA/ DXy

Experiment  Cells/ml RNA/ml DNA/ml

No. x10-s mit tent/ml ion/ml cell - ey
mg mg mg be se #8 X 10*  pg 10
I. 24 hrs in presence of 20.5 ¥/ml metal jon
1. Control . . . ., 169 17.0 1.64 2,27 348 1.34 2,05
2. Cot+ treated . 139 16.9 1.58 2,22 356 5.55 1.60 2,57
3. Ni++ treated . 150  17.8 1.64 2.30 340 3.81 1.53 2.94
11 24 hrs in presence of 29.5 ¥/ml metal jon
1. Control. . . . 194  17.6 1.68 2.55 376 3t 1.91
2. Cot+ treated . 120 16.6 1.66 2.31 402 1.92 3.35
3. Nitt treated . 200 19.4 1.711 C 275 451 1.38 2,93
I11. 48 hrs in presence of 29.5 ¥/ml metal ion*
1. Control . . . . 195 21.7 2,16 2.89 430 1.48 2.20
2. Cot+ treated . 103 10.1 0.94 1.31 280 1.27 2.62
3. Nit+ treated . 174 19.8 1.96 2,79 328 1.60 1.89

* 7-day culture used for inoculatfon. In exp. I and I a 5-day culture was used.
t Dried at 80° for 24 hrs, :

ra

Ni++ treated cells the corresponding values were the same or slightly higher
than the controls. As a result, the values of RNA and DNA per cell were

_ considerably higher-for the Co*+ treated and somewhat higher for the Nj++
. treated, than the controls. Thus Co*+, and to a lesser extent Ni+#+, appear

to interfere with the normal turnover, in this case presumably the breakdown

by nucleases, of nucleic acids. The effect of the ions on the nuclease activity
of cell free homogenates is reported in Section II of this paper.

~ In experiment 3, DNA per cell was also elevated but RNA per cell was
less than in the controls, suggesting that other factors are beginning to operate

in cells exposed to Co*+ for 48 hours. Possibly the cells are deteriorating after

this length of exposure. It is of interest to note, however, that the ratio of
RNA to N is remarkably constant in all experiments in contrast to the resulls

with bacteria [9], and it appears that protein synthesis is not greatly inhibited

in Tetrahymena by the concentration of Co++ used in this experiment. In

experiment 1, assay of the concentrated cell suspensions for cobalt and nickel

indicated that relatively large amounts of these metals were inside or adsorbed

on the surface of the cells. Present techniques do not allow us to distinguish

Ezxperimental Cell Research 10 ) ' .
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TasLE 11
The effect of various concentrations of Cot+ and Ni*+ on the activity of crystalline pancreatic
) ribonuclease.
& Average of triplicate experiments
Final conc. of Amount of Inhibition by Inhibition by
metal ion enzyme per Cot+ Ni++
25 ml soln.
M ¥y per cent per cent
1 1.6 x10-4 2 6 9
2 4 %104 2 17 28
3 8x 104 2 k) | 56
4 1.6 x10-3 2 52 72
5 8 x10-¢ 1 52 64

the extent of these two possibilitics. Approximately 30 per cent more cobalt
than nickel was taken up (somewhat greater than this on a per cell basis)
by the protozoa.

In Vitro Effects of Cott and Ni+*

The action of Co*+ and Nit* on crystalline pancreatic RNase.—The cffect
of various concentrations of Co+* and Ni*+ sulfates on pancreatic RNase
is given in Table II. The experimental conditions were as follows: Ten ml
of 0.2 per cent NaRNA were incubated with 1.0 ml of metal salt solution for
10 minutes and then 10 ml of 0.13 veronal-acctate buffer, pH 7.8, and
1.0 ml of enzyme solution were added. Aliquots were removed at two-minute
intervals and precipitated with an equal volume of 1N HCL The turbidity
was read after three minutes in a photoelectric colorimeter. Controls utilizing
{ ml of H,0 instead of salt solution were run similarly. The salts had no
eflect on the precipitability of the RNA by HCI and incubation of them with
*he substrate for longer periods of time did not alter the results. The per cent
inhibition was calculated from the ten-minute reading.

Examination of the data shows that Ni++ was more inhibitory than Co**
at all concentrations used, amounting to 72 per cent with 1.6 x 10-3 M NiS0O,.
Decrease in enzyme concentration incrcased the per cent inhibition by Co7t
markedly and by Nit+ slightly. Miura and Nakamura [11] reported that
6 X 10-3 M CoCl, inhibited crystalline pancreatic RNase by 12 per cent, while
NiSQ, at the same concentration had no effect. They used the Kiein method
of assay [7] but did not report the details of their experimental conditions

Experimental Cell Research 10
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g .
such as substrate and enzyme concentration. It is possible that the differences
between their work and the present report may be due to large difference

: in experimental conditions,. particularly in enzyme concentration, as thjg
H appears to be an important factor. Not enough experimental data are pre.
senled in Table 1I to determine whether the inhibition is due to a comhing.

»

Fig. 3. The effect of Cot* and Ni++ on the activipy
of RNase in homogenates of Telrahymena pyrifer.

»”
- e

7
. © mis W, .
E [ )
. e Control
. o & 8.0 x10-¢ M Ni++
@) O 8.0 x 10~* M Co*+

' TiME. MINUTES *°

tion of Co*+ and Nit+ with the enzyme, substrate or both. Since the inhibitioy
. ' , of pancreatic RNase by Mg++ has been attributed to the formation of
substrate-metal complex, the inhibition by Cott and Nitt is probably of
this nature, although combination with the enzyme cannot be ruled out.
Recent studies on the structure of pancreatic RNase indicate that there are
no free SH groups [1] with which the metal ions might combine. As previously
mentioned, the fact that Co*t or Ni++ inhibit pancreatic RNase has no bcarin‘g
on the possible effects of these metal ions on other intracellular RNases which
may be quite different in their properties from the pancreatic enzyme (8,
12, 15]. Studies were carried out, therefore, on the effect of Cott and Ni++
on the RNase activity in cell-free homogenates of Tetrahymena.
The effect of Cott and Nit* on RNase activity in Tetrahymena homo-
genafes.—Three-day cultures of Tefrahymena pyriform}ivs W were grown and
harvested as described above. The 25 ml concentrates . were homogenized
to cell-free preparations by the method described by Eichel [4] and Co™
and Ni++ added to aliquots of the homogenates to give a final concentration |
of 8.0 x10-* M. Assays for RNase were performed by the modified McCarty
procedure {10] at pH 6.1 using veronal-acetate buffer. The results of a typical
assay are plotted in Fig. 3. Tt may be seen that both Cott and Nit* were |.
inhibitory to RNase activity to about the same degree at this concentration |
in distinction from the eflects of the ions on pancreatic RNase where Ni+*

was considerably more inhibitory.
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DISCUSSION

When testing the cffects of various substances such as metal ions on enzyme
activity in crude homogenates from cells, it is difficult to assess the effects
of these substances on the intact cell where the relation of the components
is undisturbed, membranes are intact and active absorption or exclusion of
physiologically active substances may be in progress. In addition, in some

cells, the presence of two RNases and an inhibitor for at least one of them has

been detected [8, 15, 16]. However, in Telrahymena, no studies have been

made concerning the presence of more than one RNase or an inhibitor. It

is true also, that investigations of the effect of metal ions or other substances
on purified enzymes and enzyme systems may be criticized on the basis
that, in the cell, the components are in the presence of a complex and care-
fully organized milieu in which there may be many interactions. In spite
of these difficulties the data presented are, at least, not inconsistent with the
theory that in Tefrahymena the inhibitory effects of Cot+ and Nit+ on cell
division are due to the inhibition of intracellular RNase activity, and perhaps
DNase activity, which in turn prevents the normal breakdown and turnover
of nucleic acids. The fact that more Cot+ than Nit+ is taken up by the cells
could cxplain the greater activity of the former ion.

SUMMARY

The effect of Co**+ and Nit*+ on the growth, RNA and DNA content of
Tetrahyimena pyriformis W was determined. Co*+ was considerably more
inhibitory to growth than equivalent concentrations of Nitt+ and the former
jon resulted in a significantly inereased RNA and DNA content per cell under
certain conditions. The action of Cot* and Ni** on erystalline pancreatic
RNase and on RNase activity in Tetrahymena homogenates was also deter-
mined and the results discussed in terms of a possible function of intracellular
RNase.

The author would like to express his sincere appreciation to Dr. M. Webb for his
encouragement and aid in this study and to Dr. Honor B. Fell for her interest anl
provision of facilities for doing this work.
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Breeding mice and rats were exposed to low
doses of six trace elements In drinking water In
an environment controlled as to contaminating
trace metals. Each group was carried through
three generalions. Compared to control mice given
only doubly deionized water, selenate (3 ppm
selenium) resulted in excess deaths before wean-
Ing, runts, and failures to breed. Lead (25 ppm)
and cadmium (10 ppm) resulted in loss of the
strain in iwo generations with many abnormali-
ties. Molybdate (10 ppm molybdenum) was slight-
ly toxic in this respect, and arsenic resuited only
In elevated ratios of males to females. In rats,
lead was very toxic, and titanium and nickel mod-
erately toxic, resulting in many early deaths and
runts. This method provides fairly rapid estimates
of Innate toxicities of trace elements in doses
{olerable for growth and survival.

TERATOGENIC effects of certain trace
elements have resulted when the element
was injected into pregnant animals. Thus,
cadmium sulfate has produced congenital
abnormalities and resorbed embryos when
doses of 2.0 mg/kg of body weight were
injected into hamsters on the eighth day of

" pregnancy.! Orally administered selenium

compounds are teratogenic, and livestock
feeding on seleniferous grasses have had
dead or deformed offspring.?2 Lead has been
known to be toxic in this respect for many
years, and injections into hamsters have
caused specific abnormalities.3 Injected ar-
senic was likewise teratogenic.4

Submitted for publication Oct 1, 1970; accepted
Dec 9.

From the Department of Physiology, Dartmouth
Medical School, Hanover, NH; and Brattleboro (Vt)
Memorijal Hospital.

Reprint requests to 9 Belmont Ave, Brattleboro,
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/I‘oxm Effects of Trace Elements

__on the Reproductlon
- of Mice and Rats

- Henry A. Schroeder, MD, and Marian Mitchener, Hanover, NH, and Brattleboro, Vi

Innate toxic effects of 22 elements in 2i;
forms have been studied in this laborator
by giving small doses of soluble salts in
drinking water to mice for their lifetimc;
(H. A. Schroeder, MD, unpublishei
data).57 Likewise, 14 elements have been
evaluated in rats.8-1° In this way, effects on
growth, survival, tumors, and longevity were
ascertained. The experiments, however, were
time-consuming, each lasting several years.
A more sensitive and more rapid test of
innate toxicity might become manifest by
exposing breeding mice and rats to single
elements in drinking water for several gen-
erations. 'Therefore, three elements with
demonstrated innate toxicities, selenium,
lead, and cadmium, and four elements with-
out demonstrable long-term toxicity, arsenic,
nickel, titanium, and molybdenum, were
studied in mice or rats.’

Methods

Mice of the Charles Rivers CD strain and
rats of the Long-Evans BLU: (LE) strain were
born in a laboratory especially designed and
constructed to avoid environmental contamina-
tion from trace metals.l! The diet used was
composed of untreated seed rye flour (607%),

dried skim milk (309;), corn oil (9%), and

iodized sodium chloride (1%), with added iron
and vitamins.1l Drinking water from a forest
spring was doubly deionized. To it were added
single elements as soluble salts (ppm element):
selenate, 3; arsenite, 5; lead, 25; molvbdate, 10;
cadmium, 10; nickel, 5; and titanate, 5.

The diet contained the following elements
(ppm wet weight): zinc, 23.2; copper, 1.95;
manganese, 12.25; cobalt, 0.18; molybdenum,

|
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"

- 045; selenium, 0.056; and’ chrommm 0.16; as

well as the abnormal elements, arsenic, 0.06;
lead, 0.20; cadmium, 0.10; nickel, 0.31; and
titanium, 1.12,

. Five pairs of mice or rats were randomly
selected for each element from divided litters at
the time of weaning. placed in separate cages
and given the element in drinking water contin-
uously. Mice were allowed to breed as often as
they would up to 6 months of age and rats up
to 9 months of age or longer. At weaning time,
pairs were randomly sclected from the first
litter (F,A generation). from the second litter
(F,B), and sometimes from the third (F,C)
and allowed to breed as they would to produte
the F, generations. Surplus surviving animals
were discarded at the time of weaning, after
ascertaining the sex.

Pairs were likewise sclected at random from
the first F,A litters and allowed to breed the
F,A generation, and sometimes from the sec-
ond litter for the F,B generation. Experiments
were terminated when the strain was obviously
dying out or when three generations had been
weaned. Control animals reccived plain deion-
ized water and were treated similarly.

Criteria used io estimate innate toxicity were
the intervals between litters, the age at which
the pair produced its first litter, the ratio of
males to females, and the numbers of runts
(animals with large heads and small bodies),
deaths, stillborn offspring, failures to breed, and
congenital abnormalities.

The doses of trace elements in drinking wa-
ter were those which we have found, by life-
term experiments, not to affect the rates of
growth of mice and rats as compared to con-
trals, not to affect reasonably long-term surviv-
al or cause early mortality, and, except in the
caze of lead, not to affect longevity. In these
doses, arsenic, nickel, molybdenum, and tita-
nium showed no innate toxicity; cadmium in-
diced arterial hypertension; lead shortened life
“4an; and selenate produced malignant tumors
M. A. Schroeder, MD, unpublished data) 5-12

Results

Effects of Selenate, Arsenite, Lead, Mo-
lyhdate, and Cadmium in Mice.—Control
tiuce bred normally for four generations,
with average litters of 10 to 11 offspring
(Table 1). There were no stillbirths, one
maternal death, seven deaths of young be-
fore weaning, two runts, and no congenital
ebnormalitics. 'There were no signs of deteri-

_oration as this strain beeame inbred. The

5
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average age of a pair at birth of the first
litter was 64 days, and for F, and F, litters,
62 to 64 days. The average intervals be-
tween litters were 28 to 30 days, and the
ratios of males to females were 0.94 to 1.03.
In the cases of mice given lead, the strain
died out rapidly, so that by the second
generation there were insufficient numbers
to continue (Table 2). Only eight litters,
two of them stillborn, appeared in the F,
generation and only two in the F,. There
were nine deaths of young mice and 69

runts out of 72 live offspring (95.6%) in the

F, generation, of which four grew enough to
breed at 70 to 75 days of age.

Selenium was toxic according to these
criteria. The strain did not begin to die out
until the F; generation, which produced

only three litters with 23 animals, of which

16 were runts. Seven pairs failed to breed.

In all, there were 23 young deaths, one -

stillborn litter, 93 runts out of 389 live
offspring (23.9%) and one maternal death.
The male-female ratios ranged from 1.27 to
1.65 in the various subgroups.

Cadmium was also toxic to breeding mice,
with the strain not lasting beyond the sec-
and (F.B) generation. A congenital abnor-
mality, sharp angulation of the distal third
of the tail, appeared in five litters, compris-
ing 4 of 255 live offspring (16.1%) of the
F, and F.A generations. There were also 34
runts (13.3%,) in the offspring living be-
yond weaning, 87 deaths before weaning
(30.5%), two maternal deaths, and two
dead litters. Three of five pairs failed to
breed in the F,B generation, and the experi-
ment was discontinued. o

Molybdenum in the dose used was moder-
ately toxic, in that there were 15 early

- deaths of 238 offspring in the F,; generation
(6.3%), seven early deaths of 242 offspring -

in the F, generation, and five dead litters
with one maternal death in the F, genera-
tion. The F,A generation of four pairs died
out, as two failed to breed and there were
only two litters, one of 11 runts and one of
two males. The F,;B generation had one
failure to breed, one dead litter and mother,
67 offspring of which 13 died, and a litter
with only one male. The F;C generation had
21 deaths of 43 offspring, three dead litters,

and three maternal deaths. The expenment '

was discontinued.
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" Table 1.—Summary of Breeding Experiments in Mice Exposed to Trace Elements

Control Selenium Arsenic Lead Molybdenum Cadmium
F, generation b
No. of litters 19 16 19 8 21 14
Pair age at first litter, days 64 67 70 70.3 64.4 80.0
Interval between litters, days 30. 34 28 48 30 34.6
Average litter size 11.0 12.3 8.2 12.0 11.3 13.1
M-F ratio 0.94 1.50 0.93 1.05 1.05 1.05
F; generation : )
No. of litters 23 17 25 2 26 11
Pair age at first litter, days 64 54 69 73 66 69 § )
Interval between litters, days 28 33 32 43 56 _'
Average litter size 10.3 10.0 9.6 11.5 10.3 9.2
M-F ratio 1.03 1.44 1.30 0.92 . 1.32 0.78 ~
F3 generation Discontinued . Discontinu. g
No. of litters 22 3 7 14 N
Pair age at first litter, days 62 54 63 79 ‘\
Interval between litters, days 28 22 25 -
Average litter size 10.5 7.6 8.1 8.8 -
M-F ratio 1.00 1.30 1.71 0.90 -

Table 2.—Deaths and A_bnormalities of Mice Bred While Exposed to Trace Flements

Control Selenium Arsenic Lead Molybdenum  Cadmium
F, generation :
Maternal deaths 0 0 (4] 0 0 4]
Dead litters (4] 1 4] 2 [1) o]
Young deaths (o] 13= 1 9¢ 15% 39¢
Failures to breed 0 2 0 [¢] 4] 4]
Runts 1] 36+ [+] 69t 0 25+
No. of mice 209 197 147 72 238 184
F2 generation
Maternal deaths 1 1 0 0 1 2
Dead litters o 1) [*] 0 5 2
Young deaths 6 10 7 3] 7 48%
Failures to breed 0 2 1 1 1 3
Runts 2 41t 0 0 2 9*
No. of mice | 248 169 290 23 242 101
F; generation Discontinued Discontinued
Maternal deaths 0 [] o 4%
Dead litters [+] o) 1) 4%
Young deaths 1 ] 0 344
Failures to breed [*] 3 1) 3
Runts [+] 16¢ 0 11t
No. of mice 230 23 57 123
Total No. of mice 687 389 494 95 603 285

* Differs from controis by x2 analysis; P < 0.0005.
1P < 0.0001.

1P <0.001.

§P < 0.05,

The mice fed arsenic survived well
through the third generation. There were no
runts in 494 progeny, eight young deaths,
one failure to breed, and no maternal
deaths. The ratio of males to females in-
creased from 0.93 to 1.71 (Table 1). The
only other abnormality noticed was a reduc-
tion in size of the litters, with the mean size

in each successive generation being 8.2, 96,
and 8.1 mice. In fact, eight of 51 litters
(16.0%) had 2 to 5 mice, compared to four
of 61 in the molybdenum group (7.497), one
of 64 in the controls (16%), 3 of 36 in the
selenium group (8.3%,), none of eight in the
lead group, and none of 25 in the cadmium
group. The number of smali litters in mice

Arch Environ Health—Vo} 23, Aug 1971
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Table $.—Summary of Breedlhgixperlmenta In Rats Exposed. to Nickel, Titanlum, and Lead

pu——

Pair Age at First Interva! Between Average
No. of Litters Litter, Days Litters, Days Litter Size M.F Ratio

f, generation

Control 10 89 41 11.4 1.14

Nickel 11 101 42 11.0 1.20

Titanium 11 87 49 9.4 1.43

Lead 19 : 139 43 9.1 0.68
F: generation

Control 10 87 40 11.3 1.10

Nickel 15 98 38 10.5 1.18

Titanium 16 . 87 39 10.9 0.99

Lead 32 92 38 10.3 1.16
Fy generation

Control 11 86 41 11.0 1,06

Nickel 10 92’ 30 B.1 0.44

Titanium 2 88 8.0 0.60

Lead 6 93 30 8.0 0.91

fed arsenic differed from that in the controls
(P<0.05).

Effects of Lead, Nickel, and Titanium on
Breeding of Rats.—Lead was toxic to breed-
ing rats, but to lesser degree than it was to
mice (Table 3 and 4). Birth of the first
litters was somewhat delayed. In the first
generation there were 12 deaths before
weaning, two maternal deaths, 40 runts, and
a male-female ratio of 0.68, in 19 litters of
173 offspring. The five pairs of the F,A
generation produced 12 litters of 133 rats, of

- which 20 died and five were runts. In the

F,B generation there were 13 litters of 132
Tats, with ten runts and seven deaths. Four
of their five matings produced two F.,B lit-
ters of 22, with two deaths, one dead litter,
and one failure to breed. This line was,
therefore, discontinued. The F,C generation
hai four of five successful matings, with
seven litters of 46 rats, one dead litter, eight
driths, and 11 runts. Three litlers had only
tl--ee to four rats each. Two pairs of F,C
tais failed to reproduce, and this experiment
wos discontinued.

Nickel was less toxic than lead in respect
to breeding, with 9.197 young deaths, one
maternal death, and 30.6% runts in the first
generation; 10.29; young deaths and 5.1%,
runts in the second; and 21.0%% (17) young
deaths and 6.29 (5) runts in the third. The
size of the litters decreased somewhat with
each generation, and, with two failures to
breed, the number of rats was reduced. Few
males were born in the third generation.

Titanium was nearly as toxic as nickel,

Table 4.—Deaths and Abnormalities in Rats Bred
While Exposed to Nickel, Titanium, and Lead

Control Nickel Titanium Lead

Fy generation

Maternal deaths 0 1 ¢} 2
Dead litters 0 0 0 2
Young deaths [} 11» 1 12¢
Failures to breed 0 0 [+} 1
Runts o] 37t 23% 40%
No.ofrats 114 121 103 173
F2 generation
Maternal deaths 0 0 1 1]
Dead litters o] 4] ] 1
Young deaths 0 163 25% 358
Failures to breed ] 2 4 3
Runts 1 8 14t 264
No. of rats 113 157 174 311
F; generation )

Maternal deaths 0 o 1] 1]
Dead litters 0 o] 0 1
Young deaths 1 17t (] 2
Failures to breed 0 0 )] 1
Runts, 0 5t 63 44
No.ofrats = 121 81 16 22

Total No. of rats 348 359 293 506

= Differs from controls by x2 analysis; P < 0.005.
tP< 0.0001.
1P < 0.025.

§P <0.01.
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with a marked reduction in the numbers of

animals surviving to the third gencration. In
the three generations there were 8.9,
young deaths, 16.4%, runts in the offspring
living beyond weaning, and four failures to
breed. Only two litters appeared in the third
generation. The male-female ratio was pro-
gressively reduced. The controls continued
to breed for four generations, with rare
deaths and runts occurring.

Comment

These experiments provide a much more
sensitive method for detecting toxicity of an
element than feeding the element for life.
Thus, sclenate increased the incidence of
spontaneous tumors and malignant tumors
in mice and rats, when fed for a lifetime,
without altering life span (H. A. Schroeder,
MD, unpublished data). Lead shortened life
span at this dose (25 ppm) without interfer-
mg with growth®?#; the effect on breeding
mice and rats was unexpected. Cadmi-
um feeding to rats resulled in arterial
hypertension.?? Injection of cadmium result-
ed in toxemia of pregnancy,!? and, in males,
testicular atrophy has been induced.!4 Toxic
effects of cadmium can be antagonized by
zinc or selenium.! Partial breeding out of
the strain given molybdenum was unexpect-
ed, for no adverse metabolic effects have

resulted from this dose fed to rats for life.

The minor effect of arsenic was consisteny

with the absence of effects in rats and mig,
fed this dose for life.%® Nickel fed for lj,
was not toxic to rats (H. A. Schroeder, MD,
unpublished data) or to mice,’ nor was ;.
tanium toxic to mice.5

Therefore, feeding of these trace element,
resulted in relative toxicities in the foll .y.
ing order: lead > cadmium > seleniun >
nickel, arsenic, titanium, molybdenum. =y
posure of breeding mice and rats resulte.: j,
the following relative toxicities: lead = g,
mium > selenium > nickel > titan"yy
> molybdenum > arsenic. -

Developing males in utero are believer t,
be more vulnerable to toxic substances t: gy
are developing females. In these exj +.
ments, however, the ratio of males to fe.
males born was increased in mice expose:
selenium and arsenic, compared to controls.
This ratio became reduced in mice exposed
to cadmium and in rats exposed to titaniunm
and nickel. The mechanisms of these altera.
tions are unexplained.

From these experiments it is clear that-

certain trace elements fed to rats and mice
in doses which do not interfere with growth
or survival are intolerable for normal repro-
duction.

This investigation was supported by Public Healih
Service grant-in-aid 05076 and by grants from CIBA
Pharmaceutical Products, Tnc., Cooper Laboratories,
Inc,, and General Foods Corp.
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ABNORMAL TRACE METALS IN MAN—-NICKEL*
Henry A. SCHROEDER, M.D., JosepH J. BaLassa, Ph.D. and Isaser H. TietoN, Ph.D.

Department of Physiology, Dartmouth Medical School, and the Brattleboro Retreaﬂ and the Department
of Physics, University of Tennessee.

(Received 14 April 1961)

NickeL is one of the relatively nontoxic trace metals found in the tissues of man, ranking
in this respect with the essential elements, iron, cobalt, copper and zinc. Its physiological
role, if any, has not been established and there have been few biological studies of this
transitional metal [1]. A great deal is known, however, about its chelates and complexes [2].
Nickel has been found in soils, in a variety of plants, in sea foods and in many organs and
tissues of animals [I]. It may also enter foods during processing [3]. Few analyses on the
sources of nickel in man have been made and little is known of this interesting but relatively
neglected element. The present report is concerned with a re-examination of nickel, its
possible physiological role and its presence in human beings around the earth. Our purpose
is to attempt to answer three questions: (1) What are the sources of the nickel found in man?
(2) Is nickel of natural occurrence in food or does much of it come from industrial con-
tamination? (3) Is nickel an essential tracé metal in the sense that it has a definite physio-
logical function?

METHOD
Samples were ashed at 450°C in a muffle furnace after drying to constant weight. Water

was evaporated to 5 or 6 ml, treated with 1 ml concentrated HNO; and evaporated to
dryness. The residues were dissolved in de-ionized water having a resistance of one million
ohms or more. Nickel was measured by the microanalytical method of Sandell for bio-
material, which depends upon formation of a color with dimethylglyoxime. Optical den-
sity was rcad at 465 mp in a Bausch and Lomb Spectronic 20 Colorimeter or a Beckman
DB spectrophotometer. Recoveries of known amounts of nickel to unknowns were usually
100 per cent. Limits of sensitivity were about 0-05 pg per sample. No nickel was detected
in the reagents used. Ammonia was triply distilled. The raw data of TiptoN et al. (4, 5-9]
on the trace metal concentrations of human tissues from the United States and foreign
countries} were obtained by spectrographic methods.

CONCENTRATION OF NICKEL IN HUMAN TISSUES
In Table 1 are shown the mean concentrations and the per cent occurrence of nickel in
adult human kidneys and livers from various areas of the world [4]. From these data it
would appear that nickel is more prevalent in these two organs in some forcign persons than
it is in most Americans. This difference did not hold for lung.

*With the technical assistance of Frances S. Gibson, A.B. and Shalini N. Valanju, M.Sc.

{Undeér grant-in-aid H-5076 from the National Heart Institute, U.S. Public Health Service, Ciba Phar-
maceutical Products and the Vermont Heart Association.

'$The African tissues were collected by Dr. H. M. Perry, Jr., the other foreign tissues by one of us (H.A.S.)
and the American by Miss M. J. Cook.
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TaBLE . CONCENTRATION OF NICKEL IN KIDNEY AND LIVER BY GEOGRAPHICAL LOCATION
(Means, p.p.m. ash).

Area Kidney Liver
No. Mean %¥ No. Mean %*

United States 161 7 27 163 6 22

Alaska 2 35 100 1 36 100

Honolulu 5 4 40 5 4 40
Bern 9 11 100 9 7 67
Tokyo 10 7 80 10 10 70
Kyoto -1 10 55 9 8 67
Taiwan 9 16 78 9 10 89
Hong Kong 10 9 60 10 5 20
Manila 4 12 75 4 45 75
Bangkok . 10 7 50 10 7 30
Bombay 9 28 89 9 20 56
Vellore 11 25 9 13 ] 0
Delhi 10 22 . 100 10 14 90
Beirat 6 0 0 6 0 0
Cairo 3 5 33 2 0 0
Nigeria 19 8 58 17 30 6
Lambarene 5 <5 20 5 0 0
Welkom 5 23 80 3 0 0
Uganda 4 0 0 4 0 0
Usumbura 11 12 64 11 9 82
Totals, excluding U.S. 146 12-4 58-2 141 11-0 44-0

* % Occurrence

The median per cent ash of kidneys was 1-1 (90 per cent range 0-8-1-3) and of livers 1-3 (90 per cent

range 1-0-1-8).
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Fic. 1. Concentration of nickel in intestine according to age (137 sathples), United States only. Black dots,
mean concentrations; hatched bars, frequencies of occurrence. Note presence of nickel in newborn.
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F10. 2. Concentration of nickel in lung according to age (156 samples), United States only. Black dots,
mean concentrations; hatched bars, frequencies of occurrence. Note presence of nickel in newborn.

The raw spectrographic data on American human tissues were examined by age and the
published data [5-9] by city of origin. The relative infrequency of the appearance of
detectable nickel in most tissues made statistical analyses unrewarding. Its occurrence in
1,154 samples of eleven tissues was as follows: Bone 5 per cent; liver 25 per cent; larynx
31 per cent; kidney 38 per cent; heart 42 per cent; trachea 49 per cent; aorta 49 per cent;
lung 56 per cent. On the other hand, it was found in 87 per cent of intestines and skins.
Fig. 1 shows the frequency and mean concentrations of nickel in intestines according to age.
There is no consistent trend. In the other tissues also, except lung, there were no significant
increases either in frequency of occurrence or concentration with age. In the case of lung,
however, frequency increased from about 30 to 40 per cent in the first four decades to 90
per cent in the sixth and seventh, while the concentration likewise increased (Fig. 2).
Nickel was present in lung, liver, kidney and intestine of most stillborn infants.

TABLE 2. NICKEL IN AMERICAN TISSUES BY AREA (From TIPTON et al, [5-91).

City of origin Datet No. No. % No. Total Kidney and
samples*  positive trace - % liver %
Miami, Florida 2/28/57 387 18 4-6 2 52 0-0
Denver 3/12/56 268 27 10-1 2 10-8 4-2
Dallas 2/28/57 370 38 10-2 9 12:7 55
Baltimore 11/11/57 414 87 21-0 17 25-1 59-2
Richmond, Va. 8/25/59 391 64 16:7 45 28-0 26-4
Seattle-Tacoma 10/6/58 296 94 317 10 35-2 26-9
New York-Chicago 12/10/54 233 172 74-0 3 75-0 69-0

Limit of sensitivity of method, $ p.p.m. ash
*Excluding intestine
$Reported
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TABLE 3. NICKEL IN FOOD
Sample "MEPEr g ug per pg per 100
. : (wet weight) 100 g calories*
Condiments
: Salt, table 0-35 P -
Pepper, black 3-93 - -—
Baking powder 13-40 — —
Sugar, cane 0-03 3 1
Yeast, dry active 0-48 - -_—
Cinnamon 0-74 — —-—
Nutmeg 1-17 — —
& Allspice 0-79 — —-
Bay leaves 0-88 —_ —
L Cloves, whole 0-10 — _—
. Sea food
| Oysters, fresh 1-50 150 300
% ’ Clams, fresh 0-58 58 121
Scallops, fresh frozen 0-04 4 4
Lobster, claw meat 0-66 66 55
Shrimp, fresh frozen 0-03 3 3
Crabmeat, canned 0-03 3 2
Anchovies, canned 0-72 B 7] 36
Sardines, canned 0-21 21 7
Kippered herring, canned 1-70 170 85
Haddock, frozen 0-05 5 -7
Swordfish, frozen 0-02 2 2
Meats .
Lamb chop 0-0 - -
4 Pork chop 0-02 2 1
3 Pork chop 0-0 — -
Beef, chuck 0-0 — —
Beef, round 00 — —
Beef, marrow 0-22 22 6
| Gelatin 4-50 450 173
i Egg, whole 0-03 3 2
Grains .
‘ Wheat, winter, seed 0-16 16 5
Wheat, Japanese 0-0 —_ —
‘Wheat, Japanese 0:0 —_— —_
. Wheat flour, Japanese 0-0 —_— —
‘Wheat flour, all-purpose 0-54 54 15
_: Wheat flour, all-purpose 0-30 30 8
3 Wheat, crushed, Vermont 0-75 75 21
Bread, whole-wheat, stone-ground 1-33 133 53
Wheatena 0-0 —_ —
Wheaties 3-00 300 75
All-bran cereal 0-74 74 25
Grapenuts cereal 0-13 \ 13 4
Buckwheat, seed 6-45 645 194
Rye, seed 2-70 270 80
" QOats, seed 2-60 260 65
’ Oats, seed 1-71 171 43
. Oats, precooked, quick 2-35 235 59

Chemical Publishing, Brooklyn, 1947.

‘Calorie values from McCakce, R. A. and WibpowsoN, E. M.: The Chemical Composition of Foods-

i
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TABLE 3—continued

Sample BEperg g per ug per 100
(wet weight) 100g calories®
Grains—continued
Corn, frozen, fresh 0-70 70 20
Corn meal, New Hampshire 0-0 —_ —
Corn oil 0-0 —_ —
Rice, Japanese, polished 0-50 50 14
Rice, Japanese, unpolished 1-80 180 50
Rice Japanese, polished (204) samples 0-65 65 19
Rice, American, polished 0-47 47 131
Rice, puffed 0-30 30 10
Vegetable shortening, hydrogenated 1-14 114 13
Vegetables
Potato, raw 0-56 56 61
Peas, fresh frozen 0-30 30 47
Peas, canned 0-46 46 54
Peas, split, dried 1-66 166 55
Beans, string, frozen 0-65 65 930
Beans, string, canned 0-17 17 189
Beans, Navy, dried 1-59 159 52
_Beans, yellow-eye, dried 0-69 69 23
Beans, red kidney, dried 2-59 259 100
Spinach, fresh 0-35 35 135
Celery, fresh 0-37 37 411
Beet greens 1-94 194 1763
Swiss chard, organic 07 71 260
Escarole, fresh 0-27 27 245
* Chicory, fresh 0-55 55 611
Lettuce, garden, organic 1-14 114 © 1364
Lettuce, head 0-14 14 127
Kale, organic 1-12 112 728
Kohlrabi, leaves, organic 0-47 47 235
Cabbage, white 0-32 32 160
Cabbage, white 0-14 14 70
Cabbage, red 0-24 24 120
Cauliflower leaves 0-19 19 173
Broccoli, fresh, frozen 0-33 33 235
Tomato, fresh 0-03 3 2
Tomato juice, canned 0-05 5 4
Apple, raw 0-0 —_ —
Apple, raw 0-08 8 18
Banana 0-34 k2 50
Pear 0-20 20 50
Fluids
Milk, wholc, fresh 0-0 — —
Milk, evaporated 0-03 3 .2
Milk, evaporated 0-03 3 2
Milk, dry, skim packaged 0-0 —_ —
Milk, dry, skim, bulk 0-0 —_ —
Tea, Orange Pekoe 7-60 —_ —_—
Cocoa 5-00 500 i1
Cola 0-0 — -
Ginger ale SN — —
Cider 55011 55 122
Cider vinegar asn . 32 —_
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TABLE 3—continued

Fluids—continued

Beer, canned ) 10/1 1 2

Mineral water, bottled, Arkansas 12-511 H —
Cigarettes, whole, filtered 0-0 - -
Animal food

Poultry wheat 0-41 4] 12

Dog food, commercial 2-09 - 209 51

Rat diet, commercial 3-33 333 88

Rat food (rye, milk, corn oil) 0-20-0-68 20-68 5-17

There was some geographical distribution in the United States for the frequency of
nickel’s presence in one or more tissues, excluding intestine. It was increased in samples
from New York-Chicago, and Seattle-Tacoma, as compared to those from Miami, Denver
and Dallas [5-9] (Table 2).

NICKEL IN FOOD AND WATER

In Table 3 are the nickel concentrations in a variety of foods and beverages according to
the microanalytical chemical method. A few foods may have obtained nickel during
processing (two breakfast cereals, apple cider, animal foods, gelatin, baking powder),
but in most it apparently occurred naturally. The relative absence of this metal in most
animal products is noteworthy.

No nickel was found in a number of fresh tap waters analyzed. It appeared, however, in
concentrations of 6-5 to 9-5 p.p.b. in a newly installed water system from a forest spring,
consisting of 210 ft. of black polyethylene pipe, 10 ft. of copper, and a “glass-lined” gas
water heater. After a month it had disappeared. There was none detected at the source.
One other rural spring with lead pipe showed 12-5 p.p.b. at the tap. No nickel was detected
in eight samples of snow from various country and suburban locations, in some of which
lead and cadmium were found [10]. One sample. directly contaminated by automobile
exhaust fumes contained 0-56 p.p.b. :

In order to detect solution of nickel from metal, stainless steel animal drinking tubes were
left in a soft (18 p.p.m. hardness), acid (pH 6-0), spring water for 2 weeks. The water
dissolved nickel to a concentration of 11 pg per liter. :

: NICKEL IN ANIMAL TISSUES
The amounts of nickel in various tissues of domestic and wild animals are shown in Table
4. The absence of this metal in red squirrel and most deer is unexplained. In an attempt to
discover sources, wild vegetation eaten by animals and birds was analyzed (Table 5).
Nickel appeared constantly in the natural substances, except for old wood from a large elm
tree, where it was concentrated in the white wood and bark. :

NICKEL IN THE LOCAL ENVIRONMENT
A variety of building and other materials were examined for the presence of nickel (Table
6). It appeared to be relatively ubiquitous, especially in products made from wood, in-
cluding common substances used for animal bedding. As stainless steel also contains nickel,
the difficulty of obtaining a nickel-free environment for animals is clear, even if the diet
contained none. ’
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TABLE 4, NICKEL IN ANIMAL TISSUES

Red squirrel, male
Red squirrel, female
Gray squirrel, male
Rabbit, wild
Rabbit, wild

Deer

Beef
Pork
Pork
Pork
Human, mean

Liver

Salmon, 1 year old
Salmon, 4 +years old
Robin

Ruffed grouse
Ruffed grouse

Red squirrel, female
Red squirrel, male
Gray squirrel, male
Rabbit, wild

Deer (§3)

Deer (§2)

Deer (§4)

Deer (§5)

Human, mean

Heart

Gray squirrel
Human, mean

Bone

Beef

Muscle

Lamb
Pork
Beef

Human, mean

Aorta

Human, aged 82
Human, mean

A
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Sample ng/e
(wet weight)
Kidney
Robin
Ruffed grouse
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TABLE 5. NICKEL IN VEGETATION

Sample ug/g

. ) (wet weight)
y Apple leaves, wild (§1) 1-96
5_ Apple twigs (1) 1-87
o Apple bark (§1) 5-92
. Apple leaves, wild (§2) 0-76
Apple twigs (82, : 0-24
’ Apple (§2) 0-47
Apple leaves, wild (§3) 3-01
] Apple twigs (§3) 1-40
Apple (§4) ) 0-31
Hemlock needles, wild 0-97
g twigs 0-03
bark 0-00
: Spruce needles, wild 1-69
twigs 1-31

Pine needles, wild 2-44
twigs 0-92
E Elm, section 1865-1870, urban 0-10 -
] 1900-1910 0-00
1940-1947 0-00
1956-1960 1-15
bark and cambium 0-56
Sawdust, pinc 0-65
Wood shavings, soft wood 0-32
B Sumac berries X 1-10
2 Peat moss, sphagnum 0-62
: Seca weed, floating 0-75
Cow manure, fresh 0-75
Phosphate, rock, Tennessce 33.00
Fertilizer, 0-10-5 14-60
Fertilizer, 0-20-0 phosphate 5-38

sl |

TABLE 6. NICKEL IN MISCELLANEOUS MATERIAL

Sample

#8/g
(wet weight)

&

Paper towel

Paper, excelsior, white
Paper, newsprint, new
Paper, building

Miracle wood

Plastic wood

Celiophane excelsior, white
Polyurethane foam

Scotch tape, black

Scotch tape, glass fibre
Cork, rubber (A. H. Thomas)
Shellac

Varnish

v SN s |
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DISCUSSION

This report is the third of a series on the sources and geographical distributions of certain
“abnormal” trace metals prescnt in the tissues of man. By “abnormal” is meant those
metals for which no function is presently known. The history of trace metallurgy is short,
however, essential metals having been discovered at the rate of about two per decade, so
that some of those we are considering may prove to have physiological roles.

Of the twenty-nine interesting trace elements found in the tissues of man, nickel ranks in
abundance as follows: In the universe third, in the solar atmosphere third, in the earth’s
crust eleventh, in sea water fifteenth [11], and in the body of man fifteenth {12]. Coal
contains about the same amount as lucerne grass, where it ranks twelfth [13). There are
approximately 10 mg in the “Standard Man”, with wide individual variations {12]. There-
fore, nickel is apparently not concentrated in man against an environmental gradient, as is
lead [10] and cadmium [14].

According to GOLDSCHMIDT, the concentration of nickel in the upper lithosphere is 100
p.p-m. {15]. Its ionic radius is close to that of cobalt and iron. Much, but not all, of the
nickel in soil, especially alkaline soil, is insoluble; fertility is reduced by soluble nickel and
acidification can release it to the point of toxicity to citrus trees and other vegetation.

On viewing the raw data [4], one is struck by the relatively large amounts of nickel
appearing in the tissues of one individual while none was detectable in the tissues of another
(except for skin and intestine). Apparently there was some geographical influence operating.
Kidney, liver and lung were chosen as tissues possibly influenced by environmental nickel.
Of these three, it was found in two of seventy-eight samples from Miami, ten of seventy-two
from Denver, and eight of eighty-three from Dallas, while twenty-six of sixty from Seattle-
Tacoma, thirty-three of seventy-eight from Richmond and fifty-six of seventy-one from New
York-Chicago contained this element [5]. From Table 1 a similar bizarre distribution is
evident from much smaller numbers of cases: little or none in kidney and liver from Uganda,
Lambarene, Vellore, Cairo and Beirut, while relatively frequent in the same tissues from
Tokyo, Taiwan, Manila, Bombay, Delhi and Usumbura No evident pattern appears
whxch explains these differences.

Nickel in food

One tendency for the concentration of nickel in foods is seen in Table 3. Most whole
grains appeared to have considerable amounts, the largest quantities being in buckwheat,
ryc, oats, corn, rice and one wheat. There was less in milled products, suggesting con-
centration in the germ. Japanese wheat and flour were exceptions. The fairly large amounts
in legumes, tca and cocoa were also noteworthy. We did not find an American vegetable
without nickel; two of four fruits were rclatively deficient. On the other hand. the low
values in piscine and mammalian muscle, eggs and milk are striking.

Calculations of a 2,300 caloric dict of 100 g protein, 250 g carbohydrate and 100 g fat
would provide the following amounts of nickel: (1) Using meat, milk, eggs, fruit, refined
white bread, wheatena, butter and corn oil, three to ten pg. (2) Using oysters, meat, milk,
eggs, oats, wholc wheat or rye bread, certain vegetables, potatoes and legumes, with little
added fat, 700 to 900 pg. The average daily intake can be estimated at roughly 300 to 600 pg;
calculations for four laboratory workers came to 305, 340, 360 and 480 pg. An institutional
diet with beverages of about 2,040 calories weighing 2,526 g contained 472 pg of nickel, of
which 245 pg were in the 550 caloric breakfast (including oatmeal, griddle cakes and toast),
137 pg in the 800 calorie dinner and 90 pg in the 690 calorie supper (which included macaroni
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and cheese, and fruit salad). This intake is larger than the calculated daily exposure to lead
(290 pg) [10] and to cadmium (23 pg) [14], both of which accumulate in man’s tissues,
Obviously, if nickel is an essential trace element, certain diets (such as No. 1) could be
considered as deficient, while more balanced rations (such as No. 2) would contain adequate
nickel and a strictly vegetarian regimen would have much.

Nickel was found in river water seventeen times out of fifty-one locations on seventec
major rivers of the United States, in a survey conducted by the U.S. Public Health Service
[16], in amounts ranging from I to 30 ug per liter. It was not detected by the spectrographic
methods used in waters of the Mississippi, Missouri, Red, Savannah, Snake and
Yellowstone Rivers. :

Nickel was widely distributed in the air from all Amcrican cities studied by TABOR and
WARREN [17], significant quantitics being detected in 90-7 per cent of samples. In 65 por
cent there was less than 0-02 pg per m3, in the remainder up to 0-2 pg. The extreme ranges
were 0-005 pg per cubic meter in suburban Houston and 0-2 pg per cubic meter in East St
Louis and New York. The absence in local snow suggests that urban nickel comes from
industrial contaminants and a small amount from motor vehicle exhausts. At a respiratory
volume of 15 m3 per day, the amount inspired in cities would vary from 0-075 to 3-0 pg,
in two-thirds of the locations being less than 0-3 ug, provided that exposures were con-
tinuous. This quantity represents a very small increment of the total daily intake, although
it could account for the accumulation of the 0-4 mg in lung if deposited in insoluble form
at the rate of 10 pg per year.

The curious distribution of nickel in the kidneys and livers of wild animals is unexplained,
varying from none to large amounts.” Sources are most likely buds, twigs, berries and leaves
of trees and bushes. In forest vegetation nickel is probably of natural occurrence, for there -
is no reason to believe that contamination from industrial sources is appreciable in these
samples.* GOLDSCHMIDT has detected it in most forest litters [15). The presence of much
nickel in phosphate fertilizers suggests that this source might influence contents of garden
products.t Divalent nickel forms a stable chelate with phosphate and has been found in
natural deposits [15].

In spite of the relatively large amounts in food, there appears to be a mechanism in
mammals limiting intestinal absorption, just as there is for iron, manganese, copper and
probably other essential metals. Large doses are required to overcome this mechanism,
PHAHTAK and PATWARDHAN [18] fed rats large amounts (250 to 1,000 p.p.m.) of nickel as
the carbonate for two months without evident toxicity. Bone accumulated the major portion
(135 to 358 p.p.m.) with 10 to 50 p.p.m. appearing in other tissues. The proportions
excreted in urine (156 per cent) and feces (74-4 per cent) were little affected by the levels of
intakes. Nickel has been found in bile, a presumed mechanism for fecal excretion [1].

The amounts in normal human urine are said to be small or negligible [3]. PErRY and
Perry [19] found, by spectrographic methods, a daily excretion of 28 pg (+S. E. 2-59) of

*WARREN [39] has reported an average content of 20 p.p.m. ash in hemlock twigs, with up to 340 p.p.m. in
wild hemlock growing near deposits of nickel ores. High metal contents of twigs and leaves of deep-rooted
trees are used to detect ore-bearing rock in the area. -

{From 1954 to 1959 world production of phosphate rock increased about 38 per cent, United States pro-
duction 11 per cent and Florida production 7 per cent. About 90 per cent of the last was used for agri-
culture. Japan used about 40 per cent of total exports [36]. If our analyses are correct, fertilized soils in the
United States gained about 194 long tons of nickel and 38 long tons of cadmium [14] from this source
in 1959,
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nickel by twenty-four normal persons in St. Louis. The amounts were quite constant and
were uninfluenced by acidity, alkalinity, restricting or forcing of fluids. If we accept 28 174
as the average urinary excretion and 0-5 mg as the approximate daily intake, it is apparent
that about 5 per cent of the amount ingested is absorbed. There was little tendency found

for nickel to accumulate in tissues, except in lung. - Its virtual absence in bone (five of 110 -

cases) suggests that very large intakes are required to deposit it there.
The nickel in human tissues is probably chelated quite strongly, for ten daily intravenous

injections of ethylenediaminetetraacetate did not change the excretion [19]. This chelating -

agent has a stronger affinity for nickel than for any other metal of the first transitional
group.

The toxicity for mammals is low, ranking with the essential metals and with chromium,
tin, barium and silver [20]. The total bodily content is about 1 per cent of the toxic dose,
if that, for nickel salts exert their action mainly by gastro-intestinal irritation and not by
inherent toxicity {1, 21]. For more primitive forms of life, however, toxicity is slightly
greater; for Daphna magna, nickel ranks higher than tin, barium, manganese, cobalt and
trivalent chromium. It has a low toxicity*for sticklebacks, goldfish and the flatworm,
Polycelis nigra [20].

In nickel refineries, respiratory tract neoplasia is fairly frequent among exposed workers
and nickel dermatitis is common. Nickel carbonyl has been implicated; most metal-
carbonyls are toxic, including that of iron. Toxicity of a carbonyl does not indicate toxicity

- of the metal ion.

The answer to the question on the possible contamination of foods by industrial nickel
is quite evident. From our data; nickel is ubiquitous in plants. A few prepared foods had

‘unusually high values which undoubtedly represent contamination by processing, probably

from nickel-plated vessels. For the most part, however, there was little evidence of contam-
ination by canning or processing. Air appears to contain very little nickel. Although we
found none in the ash of one brand of cigarettes, others have reported 1-9 p.p.m. in tobacco
and 2 pg per cigarette; none was detectable in the smoke [22].

Little has been known of the daily exposure of man to nickel contained in ordinary foods.
On a dry basis, lettuce, cabbage, spinach and peas were found to contain 1-5 to 3-0 p.p.m.,
while wheaten grain, potatoes and fruits had 015 to 0-35 p.p-m. [1]. HEGGEN and STock

(23] found 2-2 to 3-0 p.p.m. nickel (dry weight) in leaves of poplar, oak, maple; fern and -

horsetails, and 5-2 p.p.m. in pine needles. -They reported 0-03 to 0-06 p.p.m. (wet weight)
in rat livers and 0-08 p.p.m. in pork liver. - These results, by chemical concentration and
spectrographic analysis, are comparable to ours.

Is nickel an essential mammalian trace metal?
If we define exsentiality as having a normal physiological role and apply the working

hypothesii expressed in previous reports {10, 14], nickel behaves like an essential trace -

metul for the folowing reasons: (1) It is ubiquitous on the carth’s crust and in sea water.
(2) It is present in plants and mammals. (3) 1t shows biological activity in vitro, affecting
certain enzyme systems, (4) H has a fow molecular weight and two interchangeable valences.
(5) It is non-toxic to mammals orally except in astringent dosces.

Nickel appears to be a biologically neglected metal. Probably more is known about its
chelates than about those of any other metal [2). It forms square planar and tetrahedral
chelates common to most essential trace metals. Complexes with nitrogen-oxygen ligands
are more stable than are those of any other transitional metal but copper [24). Nickel, a
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siderophile element [15], has little affinity for sulfide, but behaves more strongly towards
amino acids, serum albumin and pteridines than does zinc and cobalt [25]. Along with
some other transitional metals, it can act as a bridge between pepsin and organic com-

" pounds or dyes, its stability constants being greater than cobalt, zinc and manganese, but

less than copper and mercury [25]. It has the ability to displace beryllium from alkaline
phosphatase and reactivate the enzyme [26]; it activates arginase in vitro (along witl,
cobalt, iron and manganese [27]). No enzyme known requires it, although alonc it
catalyzes decarboxylation of some amino acids (28} and the saturation of unsaturated fats,

Nickel may have a physiological role for the following indircct reasons: (1) It is the only
first transitional metal from atomic numbers 22 to 30 which has not been shown to have

- specific biological activity in vitro or in vive [29]); (2) It is present in the newborn; (3) The

existence of intestinal or hepatic barricrs to absorption are implied; (4) It has little tendency

to accumulate in tissues during a lifetime of eéxposure. Definitive experiments, however,

have not been done. :
Kikkawa, Ocita and Funro [30] proposed an hypothesis, based on the strong affinitics

of melanin and its precursors for metals, that color depended upon specific metals which -

were transmitted as genes. To back up their hypothesis, they showed that in various samples
of rabbit hair, black contained cobalt, copper and nickel; yellow nickel, titanium and
molybdenum; and white, nickel. Experiments with melanin precursors in vitro produced
white pigment with nickel; yellow with titanium; red with molybdenum and blue, green or
blackish with copper, cobalt and iron. These relationships held for analyses of fish skin,
bird plumage, moth wings (Bombyx mori), the eyes of fruit flies, guinea-pig hair and human
hair, being less definitive in the last two. They also held for anthocyanins and carotenoids
in plants (and in their bulbs and seeds), red being associated with iron, blue with molyb-
denum, white with nickel or copper, yellow with titanium. It is known that red hair has a
high concentration of iron [31]. : ,

Further experiments briefly reported by KIKKkAwA [32] are of interest. White-eyed
drosophila mutants, white goldfish, white mice and white rabbits absorbed nickel from an
environment containing several metals, while cobalt, molybdenum and cobalt were
absorbed by brown-eyed drosophila, red goldfish and black mice and rabbits, respectively.
The abnormal metals were either toxic, or in the case of mammals, were excreted in the

urine. In respect to genetic transmission, ribonucleic acid from several sources contained -

nickel (as well as chromium and manganese) in constant ratios [33]; desoxyribonucleic
acid can transmit at least two divalent cations genetically [34] and theréfore both com-
pounds may bind metals. The affinity of nickel for human epithelial tissue has been shown.
Therefore, the evidence that nickel may play a role in pigmentation (or the lack of it) is
quite suggestive, though indirect. .

KerTesz [35] has shown that plant polyphenol oxidase, a copper enzyme, can have
tyrosinase activity when the copper is replaced by cobalt, vanadium and nickel. Copper
can readily be removed, leaving the inactive apoenzyme, which is then reactivated by the
metal ions. A further step, determining the color of the melanin resulting from such
tyrosinase activity, has not been done. Likewise mammalian tyrosinase can give up its
copper by dialysis, partial activity being restored by nickel, but not by other transitional
metals [36]. Again, the color of the melanin résulting has not been reported.

Other indirect evidence for Kikkawa’s theory lies in some older work reported by NOBLE
[37]. A mineral mixture, composition unstated, “enormously increased the intensity of
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pigmentation” of beef-fed (nickel deficient from our data) Ambystoma larvae. Feeding of
white worms to the red-bellied salamander prevented the development of the red color.
Another variety of salamander reared on white worms and pale copepods developed a white

nickel is the biological factor of whiteness, these experiments fall into line.

Nickel, however, was not shown to be a specific catalyst for oxidation of any of twelve
natural substances and drugs examined by TANNER, unlike vanadium, cobalt, iron and
manganese [38]. Its activity on the enzymes so far tested appears to be non-specific and
common to several divalent metals. Othér systems need to be examined for specificity,

If, as Kikkawa showed, an organism not using nickel excretes it, differences in urinary
nickel might be found in negroes and white persons. Urines of 12 African natives from
Usumbura, Ruanda-Urundi, analyzed by PERRY and Perry (19] had 180 pg per liter
(range 27 to 500 pg), as compared to urine from 14 white St. Louisans who had a mean of
18-1 g per liter. Unfortunately for this hypothesis, St. Louis negroes excreted little more
nickel (mean, 23-4 ug per liter) than did white persons. "

Apparent racial or local differences in the occurrences of detectable nickel (Tables 1 and 2)
led to an examination of American tissues. There were no racial differences in intestine or
skin. Nickel was present in 1875 per cent of white and 32 per cent of negro livers; chi
square distribution was barely significant at the 5 per cent level of confidence. For kidney,
the distribution was similar, 27 and 45 per cent respectively, at less than the 10 per cent
level of confidence. From Table 1, however, the frequency of occurrence in African livers
is low, except in one location, Usumbura, and there are wide variations of nickel in livers
and kidneys of other races, with means about double that of American tissues. The lack of a
consistent trend in four tissues with color of skin is thus obvious. Considering the data in
Table 2, these apparent differences are more explicable on geographical (or dietary) than
on racial grounds.

SUMMARY AND CONCLUSIONS

Spectrographic data on the concentrations of nickel in human tissues at various ages and
from various parts of the world were examined and a variety of foods, waters, animal
tissues, vegetation and manufactured materials werc analyzed by microanalytical methods
in order to ascertain sources.

Nickel appears to be almost ubiquitous in vegetation and vegetable products, both edible
i“nd manufactured. High concentrations were found in several whole grains and legumes.
A few processed foods apparently were contaminated during manufacture.

There was little or no nickel in most cdible animal products, such as meat, milk and eggs.
Water probably contributed little or none to the total bodily pool and air a minor increment.
Average daily exposure on a normal dict was estimated at about 0-5 mg or less, of which
about 5 per cent nELy appeir in urine.

Nickel was found in the livers and kidueys of wild birds and animals, except for deer and
red squirrel. Wild vegetation contained high concentrations and was the probable source.

Nickel was present in the human intestine at birth and its concentration remained fairly
constant throughout life. It appeared to have a predilection for epithelium, In lung,
unlike other tissues, its frequency and concentration increased with age. It was detected in

.only one-fourth to one-half of metabolically active tissues.
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Available data suggests that there are geographical differences in the presence of nicke}
in tissues other than intestine from seven large cities of the United States, which also apply
to kidney and liver. From ninetcen other cities of the world analyses of kidney and liver
show variations in frequency of occurrence and in concentration, which are largely
unexplained other than on geographical bases. :

From a theoretical viewpoint, what is known about nickel is consistent with the idea thag
it may play a physiological rolc in mammals and plants, possibly concerned with
pigmentation. That role has not been proven.

Acknowledgments—The authors are indebted to Proressor JuN Kobavasi for supplying samples of
Japanese wheat and rice, and to Doctor HENRY L. Hevw for the salmon livers.

REFERENCES

. UNDERWOOD, E. J.: Trace Elements in Human and Animal Nutrition, Academic Press, New York, 1956,
- BAILAR, J. C., JR. (ed.): The Chemistry of the Co-ordination Compounds, Reinhold, New York, 1956.
3. MonIER-WILLIAMS, G. W.: Trace Elements in Food, Wiley, New York, 1950. .
4. Tirvon, 1. H., Cook, M. J., STEINER, R. L., Bovg, C. A., PERRY, H. M., Jr. and ScHROEDER, H. A_;
Trace Elements in Human Tissue, I. Mcthods. (To be published.)
5. Tipton, I. H., Cook, M. J., FoLaND, J. M., RITINER, J,, Harpwick, M. and McDanieL, K. K.
Spectrographic Analysis of Normal Human Tissue from Seattle and Tacoma, Washington, ORNL-CF
© 58-10-15, 1958.
6. (a) TieTon, 1. H. Cook, M. J., STEINER, R. L., FOLAND, J. M., McDANiEL, K. K. and FENTRESS, S, D.:
Methods of Collection, Preparation and Spectrographic Analysis of Human Tissues, ORNL-CF
: 57-2-2, 19517. : .
6. (b) Twrron, I H., Cook, M. J., STEINER, R. L., FoLaND, J. M., McDaNiEL, K. K. and FENTRESS S. D.;
Spectrographic Analysis of Normal Human Tissue from Dallas, Texas, ORNL-CF 57-2-3, 1957.
6. (c) Tieron, 1. H., Cook, M. J., STEINER, R. L., FOLAND, J. M., McDanieL, K. K. and FENTRESs, S. D.;
Spectrographic Analysis of Normal Human Tissue from Miami, Florida, ORNL-CF 57-2-4, 1957.
6. (d) Tieron, I. H., Cook, M. J., STEINER, R. L., FoLanD, J. M., McDANieL, K. K. and FENTRESS, S, D.:
Spectrographic Analysis of Normal Human Tissue from Baltimore, Maryland, ORNL-CF 57-11-33,

.N h

n 1957.
«% 7. TreroN, 1. H., Cook, M. J., STEINER, R. L., FoLAND, W. D., Bowman, D. K. and McDANIEL, K., K.:
: ' Progress Report: Spectrographic Analyses of Tissues Jor Trace Elements (1 July 1955, through

3 December 1955) ORNL-CF 56-3-60, 1956. .
8. TiptoN, 1, H., STEINER, R. L., FoLAND, W. D., MUELLER, J. and STANLEY, M.: Spectrographic Analysis

of the Tissues from Autopsies of Twenty-four Instantaneous Deaths, ORNL-CF 54-12-66, 1954.

9. TieToN, L. H., FoLanp, W. D., Boss, F. C. and MCcCorkeL, W. C.: Spectrographic Determination of
Trace Elements in Human Tissue, ORNL-CF 53-8-4, 1953,

10. SCHROEDER, H. A. and BaLASSA, J. J.: Abnormal Trace Metals in Man—Lead. J. chron. Dis. 14, 408,
1961. :

11. Mason, B.: Principles of Geochemistry. (2nd ed.), Wiley, New York, 1958. 4

12. Report of ICRP Committee II on Permissible Dose for Internal Radiation (1959), with Bibliography

- for Biological, Mathematical and Physical Data. Hith. Phys. 3, 1-380, 1960.

13. BERTRAND, D. G.: Survey of Contemporary Knowledge of Biogeochemistry—II. The Biogeochemistry
of Vanadium. Bull. Amer. Mus. nat. Hist. 94, 407, 1950.

14. ScHROEDER, H. A. and Barassa, J. J.: Abnormal Trace Metals in Man—Cadmium. J. ckron. Dis.

14, 236, 1961,

15. GoOLDSCHMIDT; V. M.: Geochemistry; MUIR, A. (ed.), Oxford Univ. Press, London, 1958.

16. Water Quality Network, Annual Compilation of Data (1 October 1958-30 September 1959). US.
Dept. of Health, Education and Welfare, Public Health Service, Washington, D.C.

17. TaBor, E. C. and WAsreN, W. V.: Distribution of Certain Metals in the Atmosphere of some

. American Cities, A.M.A. Arch. Industr. Hith, 17, 145, 1958.

18. PHAHTAK, S. S. and PATWARDHAN, V. N.: Quoted by UNoErwooD, E. J., in: Trace Elements in Human
and Animal Nutrition, Academic Press, New York, 1956.

19. Perry, H. M., Jr, and PerRry, E. F.: Normal Concentrations of some Trace Metals in Human Urine:
Changes Produced by Ethylencdiaminetetraacetate. J. clin. Invest. 38, 1452, 1959, .

20. State of California: Water Quality Criteria, State Water Pollution Control Board, Sacramento, 1952.

21. SoLimann, T.: Manual of Pharmacology (Tth ed.); Saunders, Philadelphia, 1953.

22. CocsiLL, E. C. and Hoses, M. E.: Transfer of Metallic Constituents of Cigarettes to Mainstream
Smoke. Tobacco Sci. 1, 68, 1957, . .




o |

23.
4.
25,

26.
27,

29,

© 3L

32

3.

3.

.
8.

/' -
.f/ ¥ ‘
Abnormal Trace Métals in Man—Nickel 65

HEGGEN, G. E. and STrROCK, L. W.: Determination of Trace Elements. Analyt. Chem. 25, 859, 1953.
WicLiams, R. P. J.: Metal Tons in Biological Systems. ‘Biol. Rev. 28, 381, 1953.

Krotz, I. M.: Thermodynamic and Molecular Properties of someé Metal-Protein Complexes. In:
The Mechanism of Enzyme Action, MCELROY, W. D. and GLass, B., Johns Hopkins Press, Baltimore,
1954,

DuBors, K. P., Cocuran, K. W. and Mazur, M.: Inhibition of Phosphatases by Beryllium and
Antagonism of the Inhibition by Manganese Science 110, 420, 1949,

SUMNER, J. B, and SoMkrs, G. F.: Chemistry and Methoa's of Enzymes (3rd ed.), Academic Press, New
York, 1953.

UTttEer, M. F. and Woop, H. G.: Mechanisms of Fixation of Carbon Dioxide by Heterotrophs and
Autotrophs, In: Advances mEanmology, Norp, F. F. (ed.) Vel. 12, Interscience Publishers, New York,
1951.

"SCHROEDER, H. A.: Possible Relationships Between Trace Metals and Chronic Diseases. In: Metal-

Binding in Medicine, SEVEN, M. J. (ed.) p. 59, Lippincott, Philadclphia, 1960.

Kixkawa, H., OcITA, Z. and Funiro, S.: Nature of Pigments Derived from Tyrosine and Tryptophan

in Animals. Sc:ence 121, 43, 1955.

RoTHMAN, S.: Physwlogy and Biochemistry of the Skin. University of Chicago Press, Chicago, 1954.

(@) Kixxawa. H.: Inherited Abilities of Absorbing Metals in Animals, The XIV Japan Medical
Congress, Part 11, p. 25, 1955.

(b) ‘Kikkawa, H.: Genetical and Biological Studies on the Absorptivity of Metals in Animals. J. Jap.
biochem. Soc. 27, 427, 1955.

Wacker, W. E. C. and VaLLeg, B. L.: Chromium, Manganese, Nlcke] and Other Metals in RNA.

Fed. Proc. 18, 345, 1959,

SteFrFenseN, D.: Divalent Metals in the Structure of Chromosomes, In: The Cell Nucleus, MITCHELL,

J. S. (ed.), p. 216, Academic Press, New York, 1960. )

KertEsz, D.: Tyrosinase and Polyphenol-Oxidase; the Role of Metallic Ions in Melanogenesis.

Nature, Lond. 168, 697, 1951,

. LERNER, A. B., Frtzeatrick, T. B., CaLkins, E. and SumMerson, W, H.: Mammalian Tyrosinase:

The Relation of Copper to Enzymatic Activity. .J. Biol. Chem. 187, 793, 1950.

Nosig, G. K.: The Biology of the Amphibia, Dover Publications, New York, 1954,

TANNER, E.: Die Differenzierung der Metallwirkung bei der metallkatalysierten Oxydation verschi-
edenartiger Typen autoxydabler Verbindungen und die Spezifitat voan Hemmwirkungen, Apel, Basel, 1958.
WARREN, H. V.: Health and Geology. Western Miner and Oil Rev. August 1960.

Mmerals Yearbook, Vol. 1. Merals and Minerals, 1959. Bureau of Mines, U.S. Dept of Interior.
U.S. Gov't. Prmtmg Office, Washington, 1960.

673



T TR T

674

/ -
I/ .
3 2 | Nutr |
VAR J. NUY g3.239-50(1964) :
. - / ' ¢ - o B
Chromium, Lead, Cadmium, Nickel and Titanium in e
Mice: Effect on Mortality, Tumors and Tissue Levels' e
. . H ’
HENRY A. SCHROEDER,* JOSEPH J. BALASSA : . e la
. AND WILLIAM H. VINTON, JR. : o 5!
ﬁ Department of Physiology, Dartmouth Medical School, Hanover, New h )
Hampshire and the Brattleboro Retreat, Brattleboro, Vermont c .
-
. - - ABSTRACT About 700 mice were given throughout their lives 5 ppm cadmium, o
i ~ lead, chromfum, nickel or titanium in drinking water while fed a diet deficient in A
% cadmium and low in other metals. Tissue concentrations comparable to those of
man were observed. Sex differences appeared. Mortality of females was unaffected. o

Mortality of males on cadmium, lead and nickel was increased compared with that of o
the chromfum group, and of those on cadmium and lead compared with the controls. ’
Longevity of the oldest 10% of both sexes was less in lead and titanium groups, and
of males in cadmium group, compared with controls. No metal was carcinogenic; in-
cidence of tumors in males on cadmium and lead, and in females given nickel was
decreased. Body weights at death were greater in titanium, chromium and lead groups. . T
Large increments of titanium, moderate increments of cadmium and nickel, and lesser ‘ )
increments of chromium and lead were observed in 5 organs, compared with controls.

Higher concentrations of cadmium and titanium occurred in younger mice and the

other metals did not increase markedly in tissues with age. All metals except chrom-

jum exhibited one or more signs of innate toxicity.

AR S

We have reported the effects of small
doses of chromium, lead, cadmium, nickel
and titapium in drinking water on the
growth and survival of mice up to 21
months of age in experiments attempting
to duplicate human concentrations (1).

. Chromium and titanium increased growth

rates in both sexes; in males chromium
lessened early mortality, whereas cadmium
and lead increased mortality at older ages.
This report is concerned with our total ex-
perience for the lifetime of these animals,
regarding mortality, gross causes of death,
effects on incidence of tumors and organ
accumulations of metals.

MATERIAL AND METHODS

The experimental conditions of the rela-
tively metal-free environment has been re-
ported in detail (1). White Swiss mice of
the Charles River strain numbering 697
were exposed from the time of weaning to
drinking water containing the essential
trace metals, manganese, cobalt, coppcr.
zinc and molybdenum. The diet of seed
Iye flour, powdered skim milk and corn oil
was low in most of the metals under study
and devoid of cadmium (1). It also con-
tained only a trace of arsenic, 0.05 ug/g.

Iron and ‘vitamins were added. Plastic

1. Nurmmon, 83: '64

cages, stainless steel covers and drinking
tubes, polyethylene water bottles  and wood
chips of low metallic content largely pre-
vented environmental exposures to extrane-
ous trace metals. One of the following as
the acetate or oxalate’ was added to the
drinking water at 5 ppm metal: cadmium,
divalent lead, trivalent chromium. divalent
nickel and tetravalent titanium, and given
for life to 50 or more animals of each sex.
Experiments continuced until all animals
had died; the total elapsed time was 36
months. No animals were bred. »
Dead animals were weighed and dis-
sected, gross anatomical lesions were re-
corded and abnormal tissues fixed in
Bouin's solution, scctioned and stained. Mi-
croscopic examinations were made on 257
sections. Although mice were autopsied as
they died and each series was run con-
currently, cannibalism and gross autolytic
changes occurring over week-ends made
many carcasses unfit for analysis. The
figures shown in the tables, 251 males and

Received for publication December 7, 1963,

1 Supported by Research Grant HE-05076 from the
National Heart_Institute, U, S. Public Health Service,
The Vermont Heart Association and Ciba Pharma-
ceutical Products, Inc.

t Requests for reprints should be sent to Dr. Henry
A. Schroeder, 75 Linden Street, Brattleboro, Vermont.

3 Reagent grade chemicals were used, stored in
solution in polyethylene bottles.
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- ABSTRACT About 700 mice were given throughout their lives 5 ppm cadmium,
lead, chromium, nickel or titanium in drinking water while fed a diet deficient in
cadmivm and low in other metals. Tissue concentrations comparable to those of
man were observed. Sex differences appeared. Mortality of females was unaffected.
Mortality of males on cadmium, lead and nickel was increased compared with that of
the chromfum group, and of those on cadmium and lead compared with the controls.
Longevity of the oldest 10% of both sexes was less in lead and titanium. groups, and
of males in cadmium group, compared with controls. No metal was carcinogenic; in-
cidence of tumors in males on cadmium and lead, and in females given nickel was
decreased. Body weights at death were greater in titanium, chromium and lead groups.
Large increments of titanium, moderate increments of cadmium and nickel, and lesser
jncrements of chromium and lead were observed in 5 organs, compared with controls.
Higher concentrations of cadmium and titanium occurred in younger mice and the
other metals did not increase markedly in tissues with age. Al metals except chrom-

jum exhibited one or more signs of innate toxicity.

We have reported the effects of small
doses of chromium, lead, cadmium, nickel
and titanium in drinking water on the
growth and survival of mice up to 21
months of age in experiments attempting
to duplicate human concentrations (1).
Chromium and titanium increased growth
rates in both sexes; in males chromium
lessened early mortality, whereas cadmium
and lead increased mortality at older ages.
This report is concerned with our total ex-
perience for the lifetime of these animals,
regarding mortality, gross causes of death,
effects on incidence of tumors and organ
accumulations of metals.

MATERIAL AND METHODS

The experimental conditions of the rela-
tively metal-free environment has been re-
ported in detail (1). White Swiss mice of
the Charles River strain numbering 697
were exposed from the time of weaning to
drinking water containing the essential
trace metals, manganese, cobalt, copper.
zinc and molybdenum. The diet of seed
Tye flour, powdered skim milk and corn oil
was low in most of the metals under study
and devoid of cadmium (1). It also con-
tained only a trace of arsenic, 0.05 ug/g.

Iron and vitamins were added. Plastjc

. Nurmimon, 83: 64

cages, stainless steel covers and drinking
tubes, polyethylene water bottles and wood
chips of low metallic content largely pre-
vented environmental exposures to extrane-
ous trace metals. One of the following as
the acetate or oxalate’ was added to the
drinking water at 5 ppm metal: cadmium,
divalent lead, trivalent chromium. divalent
nickel and tetravalent titanium, and given
for life to 50 or more animals of each sex.
Experiments continued until all animals
had died; the total elapsed time was 36
months. No animals were bred.

Dead animals were weighed and dis-
sected, gross anatomical lesions were re-
corded and abnormal tissues fixed in
Bouin’s solution, sectioned and stained. Mi-
croscopic examinations were made on 257
sections. Although mice were autopsied as
they died and each series was run con-
currently, cannibalism and gross autolytic
changes occurring over week-ends made
many carcasses unfit for analysis. The
figures shown in the tables, 251 males and
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222 females, are those of available autop-
sied mice, whereas data on mortality com-
prise all 697 animals.

Organs large enough for analysis (heart,
lungs, kidneys, liver, spleen) were frozen
in polyethylene bottles and, after a con-
venient interval, 3 to 6 of each group were
pooled according to age at death, dried at
110°C, ashed in a mufflle furnace at 400°C
and analyzed for as many of the metals as

the size of each sample allowed. Controls

for each metal included tissues of animals
given another metal. Microanalytical
chemical methods of Saltzman (2, 3) and
Sandell (4) were used as previously re-
ported (5-9). Nearly 1000 analyses were
made. All data are given in terms of wet
weight and a value of 0.0 indicates that
the metal was not detected by the method
used. Statistics were analyzed by chi-
square or Student’s t test.

Water was weighed to the nearest gram
at frequent intervals. Unavoidable wastage
was caused by, 1) slight variations in en-
vironmental tcmperature, 2) movement of
the drinking tube by playing mice, and 3)
the habit of stuffing bedding, food and
feces into the drinking tube with conse-
quent irregular leakage. Food was allowed
ad libitum and was not weighed because
of considerable wastage in powdered form.

RESULTS

Major causes of death. The gross anj.
tomical lesions in the 473 mice autopsieq
were divided into 4 categories: tumors, in.
ternal hemorrhage, infection and otherg
plus unknown (visible renal or hepatic le.
sions, splenomegaly, dilatation of the integ.
tines or no major abnormalities). In table
1 are shown the causes of death., The only
significant change was the reduction of
visible tumors in a cadmium, lead or nicke]
group. In the control females there Wwere
9 pulmonary, 3 mammary and 2 thyroig
carcinomas, and one each in liver, peri-
toneal cavity, skin, ovary, ureter and of
unknown origin with extensive metastaseg
as well as 2 leukemic infiltrations of
spleen. Only ‘3 mice given nickel had
tumors, all pulmonary (P <0.01). Twe
to 5 mammary tumors and 4 to 5 lung
tumors occurred in each of the other meta).
fed groups.

In the control males there were 8 lung
carcinomas, 1 sarcoma in the liver and 2
leukemic infiltrations of spleen. Only 2
tumors appeared in the lead and cadmium
groups. One mouse given lead, one given
titanium and none given cadmium had 3
pulmonary tumeor. The incidence of these
tumors was 13.5% in 222 autopsied fe.
males and 12.5% in 164 males, excluding

TABLE 1

Gross causes of death in mice® given various metals: significant differences from controls

Controls Cadmium Lead Nickel Titanium Chromium
— P
No. No. value 2 No. vaﬁ:e No. vall,ue No. vafue No.
Males

Tumors 11(5)* 1 < 0.005 1(1) < o0.01 7(4) 4(3) 6(3
(Lung) 8 4] < 0.01 1 5 1 < 0.05 6( )
Hemorrhage 7 16 12 14 10 12
Infection 5 4 15 ] 5 11
Other and

unknown 21 27 11 11 21 10

Total no. 44 48 39 41 40 39

Females »

Tumors 22(8) 10(2) 11 T 3(3) €0.01 7(2) 8(4
(Lung) 8 5 4 3 5(' 4( )
Hemorrhage 9 ] S 8 3 2
Infection 11 6 10 12 9 11
Other and

unknown 18 14 10 - 13 7

Totalno, 60 39 29 a3 32 ' 29
1 Autopsied mice.

2 P = probability according to chi-square analysis of differences f 1
3 Numb in parentt are deaths from tumor before 600 drao;,: cogng:.. being due to chance.
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those given cadmium and lead. By chi-
square analysis of these larger groups, the
reduction of male pulmonary tumors as-
sociated with cadmium and lead was sig-
nificant (P < 0.005).

The ages at death of the 30 male mice
with tumors were studied to ascertain
whether early mortality from cadmium or
lead could affect the appearance of neo-
plasms. Whereas 16 deaths from tumor
(53.3% ) occurred before 600 days of age,
one in the lead group died during this in-
terval (P < 0.05). Of the 14 deaths from
tumor after 600 days of age, one was in the
cadmium group (P < 0.05). At the half-
lives of each group none of the 8 deaths
from tumors were in the cadmium- or lead-
fed animals. At 500 days of age 46 males
were alive in these 2 groups; tumors oc-
curred in only two (P < 0.05). In the fe-
males 2 of the 21 deaths from tumor in the
cadmium and lead groups occurred before
600" days of age, compared with 17
(27.4% ) in the others (P < 0.025).* No
deaths of nickel-fed mice occurred after
547 days of age (P < 0.005).

The typical lung tumor was an adeno-
carcinoma, of which 45 were observed out
of 51 lung tumors. Eleven mammary
tumors, 8 sarcomata, 4 splenomegalias of
leukemic origin, 4 thyroid, 3 hepatic, 3
skin, 2 ovarian, 2 ureteral and 1 each in
various other sites, totaled 92. The inci-
dences of all tumors were: males 11.9%;
females 27.8% .

There were no obvious changes in other

* Causes of death, such as pneumonitis (19

Cases), pyelonephritis (12 cases), medias-
tinal infections (4 cases), hepatic cystic
Or parenchymal degeneration (7 cases).
f 12 kidneys examined in the cadmium
and lead groups, 8 showed hyalinized glo-
Deruli, thickened basement membrane and
a reduction of lumen to wall of arterioles;
esser alterations were seen in 3 others.
. Mortality. Survival curves are shown
In figures 1-6. Because the curves of 5
8roups of male animals are rather straight,
o slightly concave, unlike “normal” sur-
Vival curves, indicating early mortality, a
deficiency in the basic diet for males may
ave been present. As the rate of growth
f mice fed chromium is increased (1) and
€ survival curve of males more nearly
Tesembles a “normal” one, males fed each

metal were compared with the chromium
as well as to the control groups (figs. 3-6).

Compared with the chromium group,
mortality rates were significantly higher in
males given cadmium, lead and nickel.
Males fed cadmium and lead also had
higher mortalities at one or more intervals

than did the controls. Significant differ- -

ences in the groups on metals did not ap-
pear in females at any age (figs. 1, 2). Al-
though mice of both sexes given titanium
died at somewhat earlier intervals, changes
were relatively small (figs. 2, 3).

To ascertain whether lifespan was af-
fected, the ages at death of the last surviv-
ing 10% of animals in each group were
compared with the controls. Longevity was
less in each group fed a metal (table 2),
and was significantly lower in males fed
lead, cadmium, and titanium and in fe-
males given lead. Males receiving titanium
lived 80.5%, cadmium 85.1% , chromium
86.8%, and lead 90.4% as long as con-
trols, or 92 to 187 days less. Females
given titanium and those receiving lead
lived 91.5% as long as controls. There
was no sex difference in mean lifespans of
controls treated in this manner. A few
animals lived more than 1000 days; 4 con-
trols, three fed chromium and three given
nickel. Of the titanium group the last sur-
viving male died 231 days and the last
surviving female 118 days before the old-
est control animals. The relative order of
decreased longevity was: males, titanium
> cadmium > lead > chromium; females,
titanjum = lead > cadmium.

Body weights at death. Mean weights
of animals dying at less than one year, 1
to 2 years and more than 2 years of age
were calculated. At ages after one year
animals of both sexes taking nickel
weighed somewhat less, by 4 to 13%, and
those fed the other 4 metals, more than
did the controls. The differences were
small in females, 3 to 11%. In males dy-
ing under one year of age, mean weights
compared with controls were: cadmium,
113% ; lead, 122% (P < 0.01); chromium,
123% (P < 0.025); titanium 138%, 